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Foreword 


The Editors have asked me to write a Foreword for this edition of 
the BSAVA Manual of Canine and Feline Emergency and Critical Care. 
| am happy to do so and feel that it is quite an honour. 


For several years now | have been exclusively involved in emergency 
medicine and critical care and most striking to me is the amount of new 
knowledge that has accumulated in this area of veterinary medicine. 
When | was in veterinary school | can remember only two books 
specifically dedicated to emergency medicine. That has obviously 
changed, along with the development of the Veterinary Emergency and 
Critical Care Society, the American College of Veterinary Emergency 
and Critical Care, the British Association of Veterinary Emergency Care, 
the European Veterinary Emergency and Critical Care Society, and 
numerous residencies and internships specifically designed for 
education in emergency and critical care. It is extremely exciting to be 
a part of this emerging new specialty. 


As with any new specialty, the individuals involved are extremely 
passionate about what they do and show great willingness to spread 
the ‘Emergency Medicine and Critical Care Gospel’. This book captures 
that zeal and information in an extremely practical and useful format. 


Anyone that valued the last edition will not be disappointed. Those who 
went without the first version should make this a ‘must-have’ for their 
veterinary library. As with the last edition, this book is truly international 
with an excellent mix of authors from both sides of ‘the pond’, providing 
a broad perspective of emergency and critical care that no other book 
can boast. The credentials of the chapter authors are impressive and 
Lesley King and Amanda Boag have done a wonderful job in putting 
together a cohesive and extremely readable and useful manual that 
you will want to keep readily available for when that next emergency 
case comes in. You know and | know, it can happen at any time and this 
book can be there for you in that time of need! 


Kenneth J. Drobatz 
March 2007 
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Preface 
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It is our great pleasure to present the newest edition of the BSAVA 
Manual of Small Animal Emergency and Critical Care. The specialty of 
emergency and critical care has continued to develop rapidly since 
publication of the first edition, with this second edition presenting 
updates, expansions and new illustrations of the material from the first 
book. Several important new chapters have also been added covering 
topics vital to the emergency practitioner, such as vascular access, 
electrolyte and acid—base balance, transfusion therapy, medical 
approach to gastrointestinal emergencies, analgesia in critical patients, 
and antibiotic therapy. 


This Manual is intended as a quick and easy reference for practitioners 
who handle emergency and critical cases on a routine or even not-so- 
routine basis. We hope that the material is accessible and practical, 
even in a crisis! In addition, the book is intended to act as a useful 
resource for residents and specialists in the field of emergency and 
critical care. 


The editors would like to express our sincere gratitude to each of the 
contributing authors. These contributors are truly leaders in their fields, 
both nationally and internationally. Without their efforts it would not have 
been possible to put together this Manual, which spans the breadth of 
our knowledge in this vast field. 


We must also acknowledge the incredible contributions of everyone in 
the BSAVA office, who all worked tirelessly to make this manual as 
perfect as it can be! In particular, Marion and Sabrina deserve special 
mention for their persistence, timeliness and attention to detail. 


Finally, the editors would like to acknowledge the help and support that 
we have received from our families and friends, as we worked to bring 
this project to fruition. Without their constant encouragement and support 
it would be difficult to achieve any of our goals in life. 


We hope that this Manual proves to be useful, helps you to save some 
lives, and sparks or fuels your interest in the exciting and dynamic field 
of emergency and critical care. 


Sincerely, 
Lesley G. King 


Amanda Boag 
April 2007 
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Triage of the emergency patient 


Andrew J. Brown and Kenneth J. Drobatz 


Introduction 


Triage can be defined as the evaluation and allocation 
of treatment to patients according to a system of priori- 
ties designed to maximize the number of survivors. 

All stages of emergency evaluation are important 
to the successful management of the critically ill 
patient: telephone triage, waiting room triage, primary 
survey and treatment, secondary survey and the 
emergency plan. Critically ill patients have little physio- 
logical reserve to tolerate mistakes of omission or 
commission. Anticipation and prevention of problems 
before they occur is one of the cornerstones of opti- 
mal emergency and critical care medicine. Always 
assume the worst and treat for it, while maintaining 
the philosophy ‘above all, do no harm’. 


Telephone triage 


The initial contact between a client and the veterinary 
surgery or hospital is often via the telephone. The in- 
formation obtained from this conversation may assist 
in triage of the patient, may help in diagnosis, and 
may provide information regarding first aid treatment 
for the pet. 

The immediate aim of telephone triage is to deter- 
mine whether the patient needs to be examined by 
the veterinary surgeon immediately and what the 
owner should do for the pet before coming to the sur- 
gery. The owner should be calmed if necessary, so 
that concise and accurate information can be obtained. 
Questions should be directed at determining: 


The nature of the injury 

How the animal is breathing 

The colour of the mucous membranes 
The level of consciousness 

The presence and severity of bleeding 
The presence and severity of wounds 
The ability of the animal to ambulate 
The presence of obvious fractures 
The severity of vomiting and diarrhoea if 
present 

* The ability to urinate 

* The degree of abdominal distension 

+ Whether there is coughing. 


Patients with the following should be brought to 
the hospital without delay: 


Respiratory distress 

Neurological abnormalities 
Protracted vomiting 

Slow or rapid heart rate 

Bleeding from body orifices 
Weakness, pale mucous membranes 
Rapid and progressive abdominal 
distension 

* Inability to urinate 

* Severe coughing 

* Toxin ingestion 

* Collapse 

* Extreme pain. 


Transport and preparation 

Owners often want to administer first aid to their pets. 
In instances where the problem is clearly determined 
and relatively simple, advice can often be given over 
the telephone. Relying on an owner's interpretation 
of the animal's problems can be risky, however. If 
there is any doubt about what is occurring, the owner 
should be advised to bring the pet to the clinic for 
definitive evaluation. 

If trauma has occurred, the patient should be 
placed on a board or some type of support struc- 
ture. Fractured limbs can sometimes be stabilized 
for transport by wrapping a roll of newspaper around 
the limb or taping or tying a board or piece of card- 
board to the leg. The joints above and below the frac- 
ture should be stabilized. Splints should be applied 
with care, since it is often difficult for the owner to 
determine the location of the fracture. If done incor- 
rectly, splinting has the potential to cause further 
damage. If doubt exists, the animal should be placed 
in a confined space or in an area where movement 
is minimized. Direct pressure or careful application 
of a tourniquet can control active haemorrhage. 
Owners should be warned that animals that are in 
pain, traumatized, neurologically damaged or fright- 
ened should be carefully approached and muzzled 
if possible. Even the friendliest of pets can become 
aggressive under these circumstances. 

Clients may be extremely upset and should be 
calmed prior to bringing their pet in. Clear directions 
should be given to the owner for the drive to the 
clinic, and time of arrival should be estimated. The 
hospital personnel should be notified about the nature 
of the emergency and the estimated time of arrival, 
so that any special preparations may be undertaken 
if necessary. 
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Triage and initial assessment 


Triage is the sorting out and classification of patients to 
determine priority of need and the optimal order in which 
they should be treated. Upon arrival at the veterinary 
clinic, every animal should be quickly evaluated by a 
member of the medical team to determine whether it 
requires immediate treatment or is stable enough to 
wait if necessary (Figure 1.1). During the triage, a brief 
history is obtained about the nature of the primary com- 
plaint and its progression. Animals that are in contain- 
ers or blankets should be taken out and examined. Four 
major organ systems should be assessed: 


* Respiratory 

* Cardiovascular 
* Neurological 

* Renal. 


Dysfunction in any one of these systems can be- 
come life-threatening and should be addressed as 
rapidly as possible. 


Following triage 
evaluation, 

i unstable patients 
are taken to the 
treatment area for 
initial assessment 


Respiratory rate, rhythm and effort should be de- 
termined. Signs of respiratory distress include loud 
airway sounds, increased breathing rate, abducted 
elbows, extended head and neck, flaring of the nares, 
open-mouth breathing and paradoxical respiration 
(see Chapter 7). 

Cardiovascular system assessment includes mu- 
cous membrane colour, capillary refill time and pulse 
quality and rhythm. Signs of cardiovascular compro- 
mise include pale, grey or hyperaemic mucous mem- 
branes, very rapid or prolonged capillary refill time, 
weak or bounding pulses, very rapid or slow pulse 
rate and an irregular or asynchronous pulse rhythm. 

Immediate neurological assessment should in- 
clude evaluation of mentation and ability to ambulate. 
Neurological abnormalities that should be addressed 
quickly include severe changes in mentation such as 
stupor, coma, hyperexcitability, delirium and seizures. 

Immediate evaluation of the renal system should 
include assessment of the ability to urinate and pal- 
pation of the urinary bladder. 


Animals with dysfunction in one of the four major 
organ systems should be brought immediately to the 
treatment area for further evaluation and treatment. 

Conditions affecting other body systems are gen- 
erally not immediately life threatening in themselves, 
but their effects on the four major organ systems can 
result in death. For example, a fracture of the femur 
is not life threatening by itself, but the resultant blood 
loss into the thigh musculature may result in hypo- 
volaemia and cardiovascular compromise. Problems 
that do not immediately affect the four major organ 
systems, but require that the animal be immediately 
brought back to the treatment area, include: 


* Recent ingestion of, or topical exposure to, a toxin 
* Recent seizures 

* Trauma 

* Excessive bleeding 

* Prolapsed organs 

* Snake bite 

* Hyperthermia 

* Open wounds 


Fractures 
* Burns 
* Dystocia 
* Death. 


Also, if an owner is overly concerned, even if the 
animal appears physiologically stable it should be 
brought to the treatment area for observation. Emer- 
gency assessment of patients conveyed directly to the 
treatment area then includes the primary survey and 
the secondary survey. 


Primary survey 
The primary survey amplifies the information obtained 
during triage. The purpose of the primary survey is to 
determine further the stability of the patient and to 
identify and treat any immediate life-threatening con- 
ditions. The primary survey includes evaluation and 
support of the airway, respiratory system, cardio- 
vascular system (poor tissue perfusion, control of 
haemorrhage) and central nervous system (level 
of consciousness). Evaluation of these parameters 
allows the clinician to classify the patient as stable or 
unstable. Any patient that cannot be clearly classified 
into either category should be considered unstable. 
The primary survey includes evaluation of the same 
physical parameters as triage. Evaluation of the respi- 
ratory system includes: determination of whether the 
upper airway is patent; evaluation of mucous membrane 
colour; and assessment of respiratory rate, rhythm and 
effort. The trachea and all areas of the thorax should 
be carefully auscultated. More objective information 
regarding respiratory function can be obtained from 
pulse oximetry, arterial blood gas analysis, and end- 
tidal carbon dioxide measurement. Hypoxaemia can 
result in pansystemic problems due to poor oxygen 
delivery to the tissues, and requires immediate correc- 
tion. Oxygen supplementation (Figure 1.2) should be 
provided to any emergency patient if respiratory com- 
promise is evident, and definitive treatment for the 
cause of the respiratory compromise should be pro- 
vided as soon as possible (see Chapter 7). 


TD Critically ill animals have little physiological 
reserve to tolerate physical examination or 
medical intervention. Allow dyspnoeic animals to 


stabilize in oxygen before performing diagnostics and, 
above all, do no harm 


Assessment of tissue perfusion includes: evalua- 
tion of mucous membrane colour; capillary refill time; 
core body temperature to toe web temperature gradi- 
ent; auscultation of the heart; and palpation of pulse 
rate, rhythm and quality. More in-depth and objective 
evaluation of tissue perfusion could include arterial 
blood pressure measurement, central venous pres- 
sure determination, blood lactate concentration, pul- 
monary artery catheter placement, and measurement 
of oxygen delivery and oxygen consumption. Clinical 
recognition of poor tissue perfusion, such as pale or 
grey mucous membranes, prolonged or rapid capil- 
lary refill time and/or abnormalities of cardiac rate or 
rhythm, warrants rapid identification of the underlying 
cause and definitive treatment (see Chapter 3). Pro- 
longed hypoperfusion can cause changes in cellular 
metabolism that result in intracellular sodium and 
calcium accumulation, cell swelling, cell membrane 
damage, lipid peroxidation, release of detrimental 
oxygen free radicals and cell death. 

Extreme changes in the patient's mentation, such 
as stupor, coma or seizures, require rapid assessment 
for the underlying cause, and immediate treatment to 
prevent any irreversible changes from occurring. Pro- 
longed seizures or hypoglycaemia causing CNS dys- 
function can result in irreversible changes if not treated 
rapidly. Similarly, increased intracranial pressure 
causing stupor or coma may progress, resulting in 
herniation of the brain through the foramen magnum. 

In summary, the primary survey assures identifi- 
cation and immediate treatment of conditions that are 
life threatening. It also allows identification of unsta- 
ble patients so that appropriate monitoring can be in- 
stituted and potential problems can be anticipated 
and prevented. 


Secondary survey 

After the primary survey and stabilization of immedi- 
ate life-threatening conditions, the secondary survey 
is performed. This includes a full physical examina- 
tion, obtaining a detailed history from the owner, as- 
sessment of the response to initial therapy and more 
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in-depth diagnostics, including clinical pathology and 
imaging procedures. It is during this time that a com- 
prehensive diagnostic and therapeutic plan can be 
made and a cost estimate as well as prognosis can 
be formulated. 


Vascular access 


Intravenous access should be obtained in any criti- 
Cally ill patient for administration of intravenous fluids 
and drugs (Figure 1.3). Peripheral veins, such as the 
cephalic or lateral saphenous vein, are the most com- 
mon vessels utilized for intravenous catheterization, 
mainly due to their accessibility and familiarity to most 
emergency personnel. Central venous access using 
the jugular or medial femoral vein allows higher drug 
concentrations to be achieved in the coronary ves- 
sels (important in cardiopulmonary resuscitation) 
and allows placement of a larger diameter catheter, 
facilitating more rapid fluid administration. However, 
central vessels are more difficult to access compared 
to the peripheral vessels, making them a second 
choice in an emergency situation when vascular 
access must be rapid. Jugular venipuncture and 
catheter placement is contraindicated in patients 
suspected of having a coagulopathy or raised intra- 
cranial pressure. In neonates, the easiest and most 
expeditious way to obtain vascular access is via 
intraosseous catheter placement. Absorption of drugs 
via this route is almost as fast as central venous ad- 
ministration. Vascular access options are discussed 
in more detail in Chapter 2. 


ATR Intravenous access must be established as 
quickly as possible in the critical emergency 
patient. Short ‘over-the-needle’ catheters (top) placed in 
peripheral veins are best, as the flow rate is optimal ina 
short wide-bore catheter. Long ‘through-the-needle’ 
catheters (bottom) placed in central veins are ideal for 
longer periods of hospitalization 


The emergency database 


As soon as possible after presentation, blood should 
be obtained for an emergency database in all criti- 
cally ill patients. This should include measurement of 
packed cell volume (PCV) and refractometric total 
solids (TS) or total protein (TP), glucose and blood 
urea nitrogen (BUN) and evaluation of a blood smear. 
Assessment of urine specific gravity prior to fluid 
therapy, and of serum sodium and potassium levels, 
can provide valuable information for use in diagno- 
sis and can facilitate appropriate therapy. Blood sam- 
ples can be collected from the hub of the intravenous 
catheter as it fills with blood, or obtained from the 
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hub of a 25 gauge needle placed into a peripheral 
blood vessel (Figure 1.4). The PCV, TP, dipstick 
glucose, dipstick blood urea nitrogen (BUN) and 
blood smear can all be obtained from three heparin- 
ized microhaematocrit tubes. 


D c 
samples 
for the emergency 
database can be 
obtained by filling 
a microhaematocrit 
tube from the hub 
of a 25 gauge 
needle placed in a 
peripheral blood 
vessel, in this case 
the cephalic vein 


Packed cell volume and total solids 

PCV is used as a good estimate of haemoglobin (Hb) 
concentration (PCV divided by 3 approximately equals 
Hb (in g/dl — multiply this by 10 to get g/l)) except 
when haemoglobin-based oxygen carriers (HBOCs) 
have been used. In these cases the PCV will give a 
falsely low estimate of haemoglobin and a haemo- 
globinometer is required (see Chapter 14). HBOCs 
lead to changes in serum colour, and care must be 
taken when interpreting any colorimetric-based tests 
in these patients. Refractometer measurement of TS 
allows estimation of serum proteins, which provides 
a rough indication of plasma colloid osmotic pressure, 
thereby facilitating decisions about the type of intra- 
venous fluids to be used. 

PCV and TS should be interpreted together, and 
in conjunction with clinical findings. They can provide 
information regarding hydration status, as well as an 
estimate of red cell content in the blood. Changes in 
these two parameters often parallel each other, but 
an alteration in the normal ratio of PCV to TS gives 
additional useful information. An increase in both PCV 
and TS is consistent with dehydration, as total body 
fluid loss results in concentration of red blood cells 
and plasma proteins. A decrease in PCV and TS is 
seen with aggressive fluid therapy or after haemor- 
rhage. The decrease in PCV and TS is not seen im- 
mediately following haemorrhage, as it takes time for 
fluid to shift from the interstitium to the intravascular 
space and cause dilution. Immediately following an 
acute loss of blood volume in the dog, splenic con- 
traction causes an influx of erythrocytes into the cir- 
culation in an attempt to restore circulating volume 
and increase oxygen-carrying capacity of the blood, 
improving tissue oxygen delivery. Thus, following 
acute blood loss, the initial PCV may be normal or 
even increased, accompanied by a decreased TS due 


to interstitial fluid shifts diluting the plasma proteins. 
When faced with a trauma patient that has a normal 
PCV but decreased TS, there is a strong possibility 
that severe haemorrhage has occurred. 

A decrease in PCV with a normal TS suggests an 
increase in destruction or a decrease in production of 
red blood cells. A decreased PCV with haemolysed or 
icteric serum suggests haemolytic anaemia, although 
hepatic and posthepatic causes of icterus cannot be 
ruled out. Anaemia of chronic disease and bone mar- 
row disorders that cause non-regenerative anaemia are 
characterized by a decreased PCV with a normal TS. 

An alteration in the PCV:TS ratio characterized by 
an increased PCV but a normal to decreased TS can 
be seen with severe dehydration accompanied by con- 
current protein loss. The most profound example of this 
occurs in patients with severe haemorrhagic gastro- 
enteritis, who can have a PCV of 70% or higher, but a 
normal TS. Hypoproteinaemia (low TS) can result from 
haemorrhage, loss into the pleural or peritoneal spaces 
(third spacing) or loss from the body through the gas- 
trointestinal tract or kidney. Loss through the kidney 
(protein-losing nephropathy) results in hypoalbumin- 
aemia, whereas a loss from the gastrointestinal tract 
(protein-losing enteropathy) results in panhypoprotein- 
aemia. An increase in PCV with a normal TS is seen in 
patients with polycythaemia, which is relatively rare. 

PCV and TS are important in guiding fluid and 
diuretic therapy. The absolute values determine the 
choice of fluid (e.g. isotonic crystalloid, colloid, blood 
products) to be delivered when correcting hypovol- 
aemia or dehydration (see Chapter 4). A change in 
PCV and TS is expected following aggressive fluid or 
diuretic therapy, and these parameters should be 
measured frequently to help monitor response. 


Physical appearance of blood samples 
Examination of the microhaematocrit tube following 
centrifugation can provide additional information. A 
large buffy coat indicates a high white blood cell count. 
The colour of the serum may provide clues to the 
disease process; icterus may be due to prehepatic, 
hepatic or posthepatic problems. Lipaemic serum may 
be due to pancreatitis, postprandial lipaemia, or may 
be associated with hyperadrenocorticism. Haemo- 
lysed serum may be due to the collection technique 
or intravascular haemolysis. 


Blood glucose 

Increased blood glucose may be due to insulin resist- 
ance and/or lack of insulin (diabetes mellitus), or acute 
glycogenolysis. Insulin resistance and glycogenolysis 
due to stress are seen most commonly in cats, but 
can also occur in dogs secondary to head trauma, 
seizures, severe hypovolaemia or hypoxia. The hyper- 
glycaemia in these cases is transient if the underlying 
problem is corrected (e.g. fluid resuscitation if hypo- 
volaemic). In contrast, although blood glucose levels 
will decrease slightly following intravenous fluids in a 
patient with diabetes mellitus, hyperglycaemia will 
persist in a diabetic unless it receives insulin therapy. 
Serum or urine ketones should be measured in 
patients presenting with high blood glucose, especially 
if they have a metabolic acidosis. Ketones can be 


demonstrated in the plasma from the microhaem- 
atocrit tube using ketone dipsticks, which can detect 
acetone and acetoacetate but not B-hydroxybutyrate. 

Hypoglycaemia is a common finding in the emer- 
gency patient. It can be caused by: insulin-secreting 
tumours; insulin-like growth factor-secreting tumours; 
sepsis; heatstroke; severe hypothermia; hypoadreno- 
corticism; juvenile hypoglycaemia; storage diseases; 
severe hepatic dysfunction; and insulin overdose. 
Using glucometers or dipsticks, falsely low results 
are obtained for glucose in whole blood when the PCV 
is high. This variation differs with each manufacturer, 
but a more accurate result can be obtained by centri- 
fuging the blood sample and measuring the serum 
glucose levels. 


Blood urea nitrogen 

BUN can be estimated using a dipstick. Although this 
method has limitations, when performed correctly 
it is a very useful screening test. A low dipstick 
BUN is accurate, but elevated results should be con- 
firmed by other laboratory methods. Increased BUN 
may result from prerenal, renal or postrenal causes, 
while low BUN can occur due to severe liver dys- 
function or diuresis. 


Blood smear 
The red blood cells, white blood cells and platelets 
should be evaluated using a carefully prepared blood 
smear. The number and morphology of each cell type 
should be evaluated and recorded. Examination of the 
red blood cells is most important in patients with anae- 
mia or if there is a suspicion of blood loss. Signs of 
regeneration such as polychromasia or anisocytosis 
help to characterize the anaemia as regenerative or 
non-regenerative. Cell morphology should be evalu- 
ated for the presence of spherocytes (seen in patients 
with immune-mediated haemolytic anaemia), Heinz 
bodies (indicating oxidative damage to haemoglobin), 
schistocytes (suggesting intravascular shear injury) or 
echinocytes (can be seen after rattlesnake envenom- 
ation). Parasites such as Mycoplasma haemofelis or 
Babesia spp. may also be seen (see Chapter 13). 
The blood smear should be scanned at low power 
to estimate the number of white blood cells, and then 
at higher power to assess their morphology. One white 
blood cell viewed per X40 field at the feathered edge 
approximates a cell count of 1.5 x 10°/1. The differ- 
ential count and cell morphology can be assessed 
using oil immersion. Leucocytosis with a mature neu- 
trophilia suggests a stress response, or an inflamma- 
tory or infectious process. Immature neutrophils such 
as band cells and occasionally metamyelocytes or 
myelocytes may be released into the circulation, 
termed a ‘left shift’, if there is a severe inflammatory 
or infectious process. The absence of a leucocytosis 
or a left shift does not rule out inflammation or infec- 
tion. Leucopenia can be due to decreased production 
or sequestration of white blood cells. Decreased pro- 
duction can result from viral infections such as 
parvovirus, or from the administration of immunosup- 
pressive drugs. White blood cell sequestration result- 
ing in leucopenia occurs in patients with severe 
infections or extensive tissue necrosis, for example 
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those with peritonitis, necrotizing pancreatitis or bite 
wounds. Transient leucopenia can also be seen in 
hypothermic patients. 

Bleeding patients should be evaluated for ade- 
quacy of platelet numbers. The whole slide should be 
scanned under low power for platelet clumps, since 
these can result in an artificially low count. In healthy 
dogs and cats there should be 11-25 platelets per 
monolayer field under oil immersion. One platelet 
viewed per oil immersion field (X100) approximates 
to 15 x 10°/I (i.e. three platelets per oil immersion field 
approximates 45 x 10%/I in the blood). Most patients 
with spontaneous bleeding due to thrombocytopenia 
have fewer than two platelets per oil immersion field; 
animals with four to five platelets per field are unlikely 
to be bleeding due to thrombocytopenia. Low platelet 
numbers can result from decreased production, con- 
sumption or increased destruction. 


Summary 

The amount of information obtained from a simple 
emergency database can be tremendous, and should 
not be underestimated. This information, combined 
with a thorough history and physical examination, can 
often provide a diagnosis as well as a prognosis. 


Acid-base and electrolytes 


Cage-side blood gas, acid—base and electrolyte moni- 
tors are becoming more widely available for 
veterinarians. Monitors differ, but can provide objec- 
tive data pertaining to acid—base status, oxygenation, 
ventilation and electrolytes. Some monitors can also 
analyse lactate, renal parameters and glucose, whilst 
newer machines may be equipped with co-oximetry. 
Analysis typically requires between 0.2 and 0.5 ml of 
whole blood, which is either inserted directly into the 
analyser (which contains all the reagents) or is injected 
into a cartridge that is inserted into the analyser. 
Different cartridges allow the clinician to choose the 
parameters to be measured, or the monitor can be 
programmed to perform selected analyses. Identifi- 
cation of acid-base and electrolyte derangements 
(see Chapter 5) can expand on the history, physical 
examination and emergency database, to further de- 
velop the problem list and emergency plan. 


The emergency plan 


The emergency plan depends upon the presenting 
problem and stability of the patient, and the level of 
nursing and technical support available. A medical 
problem list should be generated and the problems 
prioritized from the most to the least life threatening. 
The problems should then be addressed in that 
order, making a diagnostic, therapeutic and moni- 
toring plan for each one. The plans for each problem 
should be collated and a comprehensive, concise and 
clearly written hospital order list should be formu- 
lated. Categories that should be covered include fluid 
therapy, medications to be administered, diagnos- 
tics to be performed, parameters to be monitored and 
nursing orders. 
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Fluid therapy 

Fluid therapy orders should include the type of fluid 
to be administered, the rate of infusion and the route 
by which the fluid should be given. The frequency of 
reassessment of the fluid orders depends upon patient 
stability, and how rapidly the fluid requirements 
change. In very unstable patients, fluid therapy may 
require re-evaluation every 30-60 minutes, as the 
response to therapy is determined. Relatively stable 
patients, where fluid deficits are being replaced over 
24 hours, require less frequent reassessment of fluid 
orders, perhaps as infrequently as every 12-24 hours. 
Fluid rate and type are determined not only by cardio- 
vascular status but also by sodium and potassium 
concentrations. Type of fluid and rate of infusion be- 
come very important with extremes of sodium con- 
centrations, such as severe hyponatraemia or 
hypernatraemia. In these cases, fluid therapy orders 
may need to be changed hourly depending upon the 
desired rate of sodium concentration change and 
the response to therapy (see Chapter 5). Dextrose, 
potassium or other electrolytes may need to be added 
to the fluid bags, but these supplemented fluids should 
never be administered as a bolus. 


Medication 

The types of medication and the dose, route, rate 
and frequency of administration should be clearly 
written and reviewed with the individual that will be 
administering the drugs. All drugs that are being ad- 
ministered should be reviewed for incompatibility with 
each other, as well as potential adverse effects in 
specific patients or disease processes. If side effects 
of a certain drug are of particular concern, specific 
information about the side effects should be noted 
in the treatment orders, and the parameters to moni- 
tor and therapy for adverse reactions should also be 
included in the record. 


Diagnostic plan 

The diagnostic plan should be written and tests listed 
in priority of importance for the emergency care of 
the patient. The stability of the patient as well as the 
importance of the information that the test will pro- 
vide should be considered when requesting a diag- 
nostic test. The question that should be asked for each 
test should be ‘Will the information that | obtain make 
a difference to what | do on an emergency basis?’ If 
the answer to this question is ‘no’, then the test should 
not be done. 


Monitoring 

Monitoring procedures should be listed and clinician 
notification criteria should be clearly communicated and 
reviewed with the nursing personnel. Often, the trend 
of change in a parameter is more important than the 
absolute value. Monitoring trends of change allows 
anticipation of problems before they occur. Monitoring 
parameters may be divided into physical examination, 
clinicopathological data and electronic evaluation. 


Physical examination parameters should include: 


Mucous membrane colour 

Capillary refill time 

Pulse rate and quality 

Lung sounds 

Respiratory rate and effort 
Neurological function 

Urination 

Defecation 

Vomiting 

Rectal temperature 

Abdominal pain 

Observation of skin and mucous membranes for 
ecchymoses and petechiations 

+. Assessment for peripheral oedema. 


The most common clinicopathological parameters 
monitored in the emergency room include: 


PCV 

TP/TS 

Glucose 

Dipstick BUN 

Serum sodium concentration 
Serum potassium concentration 
Blood gas analysis 

Urinalysis 

Blood smear 

Activated clotting times. 


Electronic monitoring may include: 


* Measurement of central venous pressure 
* Continuous electrocardiography 

* Blood pressure measurement (Doppler, 
oscillometric or direct methods) 

Pulse oximetry 

End-tidal capnography 

Cardiac output 

Oxygen delivery 

Oxygen consumption. 


Nursing orders 

Nursing orders should be tailored to the needs of each 
individual patient. The specific disease process, the 
severity of the patient's condition and the level of staff- 
ing should all be considered when orders are written. 
For example, one nurse cannot provide comprehen- 
sive nursing care to a comatose, 50 kg large-breed 
dog that is being mechanically ventilated and receiv- 
ing peritoneal dialysis. 

The emergency plan must take into account the 
needs of the patient, the client's needs and financial 
capabilities, the immediate and overall prognosis and 
the capabilities of the emergency staff and facility 
(Figure 1.5). If it is recognized that the best emer- 
gency plan cannot be accommodated by the facility 
and staff, referral of the patient to a tertiary facility 
that can provide optimal care should be considered. 
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Means to intubate and ventilate (e.g. laryngoscope, n 
Pulse oximeter t « — 
End-tidal capnograph i 


Means to provide short- and long-term oxygen therapy (e.g. oxygen cage, face masks, 
endotracheal tubes, Ambu nta aAa 


tubes, centrifuge, refra 
Microscope, slides, stain (Diff-Quik and Gram) and immersion oil 
Electrolyte and blood gas analyser 
Lactate analyser 

Coagulation analyser 
Haemoglobinometer (especially if Oxyglobin™ commonly used) 

eet REO DR Maran attr A; 


Colloid oncotic pressure analyser 
Urine 


Dipsticks for BUN and ketones 
X-ray machine, processor and view box (or digital radiography) 
Ultrasound machine 


GED Recommended emergency room equipment. 
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Vascular access 


Sophie Adamantos and Amy Alwood 


Introduction 


The placement and maintenance of intravascular ac- 
cess is one of the most important skills for any veteri- 
nary surgeon working in emergency and critical care 
medicine. Rapid and accurate placement of appropri- 
ate intravenous catheters allows administration of fluid 
and drug therapy, as well as providing an atraumatic 
means for serial blood sampling. Furthermore, place- 
ment of specialized catheters (e.g. arterial or cardiac 
catheterization) can assist in monitoring intravascular 
volume status and blood pressure. Familiarization with 
alternative routes of vascular access can be important 
in particular situations, for example intraosseus access 
in collapsed kittens and puppies. This chapter ad- 
dresses the different types of vascular access (cath- 
eter placement and maintenance) and summarizes 
complications that may occur. 


Intravenous access 


A number of factors should be considered when 
choosing the optimal type of intravenous access for 
each individual patient. These include: 


* Vein selection and preparation 

* Catheter choice, including material, length and 
gauge 

* Ease of insertion 

* Ease of maintenance. 


Vein selection 
When choosing the site for catheter placement a 
number of questions should be considered: 


+ Why am | placing this catheter? 

* How long will it remain in place? 

+ What will | be administering through it? 

* Does the patient have any medical or 
behavioural factors that should be considered? 


This latter question may include consideration of 
the animal's temperament (aggressive animals may 
prove difficult to manage with a jugular catheter), the 
presence of coagulopathy (a contraindication for use 
of the jugular vein) and potential sources of catheter 
contamination (e.g. local tissue damage, skin infection, 
presence of vomiting, urination, diarrhoea and exces- 
sive salivation). Animals with regional vascular obstruc- 
tion (e.g. gastric dilatation and volvulus, or cats with 


saddle thrombus) should have catheters placed in the 
front legs, i.e. at a site distant to the obstructed vessel. 
In emergency patients, the initial catheterization 
site should be chosen to facilitate rapid and effective 
catheter placement. Peripheral veins are generally 
more suitable than the jugular vein. Catheterization 
via a peripheral vein is adequate for administration of 
most fluids and medications, and should be the pri- 
mary site for rapid intravenous access in the majority 
of emergency patients. There are several suitable 
peripheral sites in the dog and cat including: 


* Cephalic vein and accessory cephalic vein 
(below the carpus) 

* Medial and lateral saphenous vein 

* Auricular veins in breeds with large ears, e.g. 
Basset Hound 

* Dorsal common digital vein (over the metatarsal 
bones). 


Most commonly the cephalic vein is used as it is 
familiar and most animals will tolerate gentle restraint 
for placement while in sternal recumbency. It is im- 
portant to be familiar with other readily accessible 
sites, especially when faced with small patients or 
those that have suffered trauma to multiple limbs. 

Following initial vascular access and fluid resusci- 
tation via a peripheral vein, a decision should be made 
as to whether the patient is an appropriate candidate 
for central venous catheterization. Factors that may 
prompt placement of a central venous catheter include: 


* Likely long-term (>5 days) administration of fluids 

+ Administration of hypertonic fluids or 
medications 

* The need to obtain multiple venous blood 
samples 

* Ability to measure central venous pressure 

* Patient factors (e.g. conformation, temperament) 
suggesting that maintenance of a peripheral 
catheter may be challenging. 


The jugular vein is the most frequently used site for 
placement of longer central catheters and is easily ac- 
cessible in most patients. Hyperosmolar fluids (such 
as >10% glucose infusions or parenteral nutrition (PN)) 
should always be administered via a central catheter 
to reduce the risk of thrombophlebitis. Any catheters 
(or ports of multi-lumen catheters) used for PN should 
be reserved for that purpose only and strict asepsis 
should be observed when managing the catheter. 


Catheter selection 

A large number of catheters is available on the vet- 
erinary and human medical market, making selec- 
tion of catheters difficult and at times confusing. 
Catheter size, composition and placement method 
are the predominant characteristics to be considered 
in catheter selection. 

Fluid flow rate through a catheter is related to both 
the length and radius of the catheter as well as 
rheological factors. Of these, catheter radius (r) has 
the greatest effect, flow rate being related to r*. A re- 
duction in catheter diameter by half results in a 16-fold 
decrease in flow rate, whereas doubling of the diam- 
eter would result in a 16-fold increase in maximum flow. 
Increasing catheter length also results in decreased 
flow due to increased resistance. When choosing a 
catheter for rapid fluid resuscitation the shortest cath- 
eter with the biggest radius (gauge) should be utilized. 

Catheters are made from a variety of chemically 
inert materials in order to limit vessel irritation; once 
they are in the body, however, inflammatory reactions 
may occur to agents used in the manufacturing pro- 
cess. Silicon and polyurethane are minimally reactive, 
making these materials ideal for use in long-term cath- 
eters. Silicon is particularly desirable due to its addi- 
tional characteristic of flexibility. In contrast, Teflon® 
(polytetrafluoroethylene) has intermediate reactivity 
and is relatively stiff, making it less suitable. Antibiotic- 
impregnated catheters have been introduced to the 
human market; however there is currently insufficient 
data to recommend their use in veterinary patients. 
Many catheters are rendered radiopaque by the ad- 
dition of barium or bismuth salts into the plastic. 

Catheters can be broadly divided into four catego- 
ries or types: 


* Butterfly or winged-needle catheters 
* Over-the-needle catheters 

* Through-the-needle catheters 

* Over-the-wire catheters (Seldinger technique). 


Butterfly catheters (Figure 2.1) are essentially 
needles with attached wings, which enable them to 
be secured, and a short extension tube that facilitates 
attachment of a syringe for collection of blood or ad- 
ministration of intravenous medications. They come 


Butterfly needles are suitable for short-term 
vascular access to deliver anaesthetic agents 
or intravenous medications. 
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in a variety of gauges and lengths. They are not suit- 
able for fluid therapy as the sharp tip will damage the 
vein if it is left in place for more than a few minutes. 

Over-the-needle catheters (Figure 2.2) are the most 
common catheter type in day-to-day use in veterinary 
practice. They are suitable for short- to medium-term 
intravenous access. Insertion is technically easy and 
associated with few complications. The catheters are 
inexpensive and there are few contraindications to 
placement. They comprise a needle (or stylet) with a 
closely associated catheter fitted over the needle. The 
stylet is used to penetrate the vessel and guide the 
tip of the catheter into the vein. The catheter is then 
slid off the stylet into the lumen of the vein. The cath- 
eters are generally made of stiff material (e.g. fluorin- 
ated ethylene propylene, FEP®) to prevent damage 
to the tip as it passes through the vessel wall. A wide 
variety of gauges and lengths is available making them 
extremely versatile (Figure 2.3). 


Over-the-needie catheters are easily placed in 
peripheral veins and suitable for short- or 
longer-term administration of drugs or fluid therapy. 


Ey A selection of currently commercially available 
over-the-needle catheters. 


Through-the-needle catheters are classified into 
two groups depending on their placement method: 


* Those in which the needle remains attached to 
the catheter but is secured within a plastic guard 
outside the vein 

* Those placed using the ‘peel-away’ technique in 
which the catheter is inserted though a plastic 
guide that can then be peeled away and discarded. 
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Through-the-needle catheters with an attached 
needle guard (e.g. Centracath, Vygon) (Figure 2.4) 
are purchased as a unit, with a large-bore needle and 
attached catheter that is threaded through the needle 
into the vessel lumen. After successful introduction of 
the catheter, the needle is withdrawn from the vessel. 
The needle is then secured within a plastic guard that 
also partially encompasses the external portion of 
catheter. This guard prevents inadvertent damage to 
the catheter or the patient by the needle. These cath- 
eters are easy to place and a relatively affordable way 
of accessing the central venous compartment. How- 
ever, the presence of the introducer needle and guard 
makes these catheters difficult to secure and results 
in bulky dressings. 


An example of a through-the-needle catheter 
with attached introducer and needle guard 


‘Peel-away’ catheters (Figure 2.5) have a plastic 
guide (or sheath) which is placed in the lumen of 
the vessel using an over-the-needle technique. The 
needle is then removed and the catheter is inserted 
through the guide. The guide can then be ‘peeled 
away’ by pulling gently outwards and upwards on the 
two tabs of the sheath. The gauge of the catheter is 
limited to that of the plastic guide. 


An example of a ‘peel-away’ through-the- 
needle catheter. (Picture courtesy of E. Leece, 
Animal Health Trust) 


Over-the-wire catheters (Seldinger technique) (Fig- 
ure 2.6) are placed using a wire guide. A needle or 
introducer catheter is inserted into the vein and a wire 
is passed through it. The introducer catheter is re- 
moved leaving only the wire in place. The catheter is 
then advanced over the wire into the vessel lumen. 
Theoretically any gauge of catheter may be placed. 
This is aided by use of a vessel dilator advanced over 
the wire prior to catheter placement, which increases 
the diameter of the subcutaneous tunnel and venous 
puncture site. These catheters are secured by sutur- 
ing them to the skin at the entry site via wings. Place- 
ment is shown in Figure 2.7. 
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An example of a catheter kit which utilizes an 
over-the-wire (Seldinger) placement technique 


Placement of a central line in the jugular vein 

using the Seldinger (over-the-wire) technique 
(a) The area is surgically prepared and draped. (b) A 
facilitative skin incision is made and a large introducer 
needle or catheter placed into the vein. In this case an 
introducer catheter with flow switch is used. (e) A long 
wire is inserted through the introducer needle/catheter 
(continues) > 


(continued) Placement of a central line in the 

jugular vein using the Seldinger (over-the-wire) 
technique. (d) The needle/catheter is removed leaving 
the wire in place. (e) A dilator is passed into the vein 
over the wire to enlarge the subcutaneous tunnel. The 
dilator is then removed. (f) The catheter is advanced into 
the vein over the wire. The wire is then removed. (g) The 
catheter is sutured in place. (lh) Blood is withdrawn from 
each port of the catheter into a syringe prefilled with 
heparinized saline to guarantee intravascular placement 
The ports are then flushed and the catheter bandaged 
carefully in place 
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A selection of currently available catheters is 
shown in Figure 2.8. ‘Peel-away’ and Seldinger tech- 
nique catheters are available as single or multi-lumen 
catheters. Multi-lumen catheters have several ports 
(typically two or three), each running via a separate 
channel to the tip of the catheter, thus preventing mix- 
ing of fluids/drugs until they reach the blood stream. 
The use of a multi-lumen catheter should be consid- 
ered if the patient requires a mixture of fluid thera- 
pies, drug therapy, parenteral nutrition, central venous 
pressure monitoring and/or repeated blood sampling 
(see Chapter 26). 


Name Company Composition 

Centracath Vygon Polyurethane 
www.vygon.com 

Hydrocath Becton Dickinson Polyurethane 
www.bd.com 

Long-term MILA international Polyurethane 

catheter www.milaint.com 

PICC Arrow Polyurethane 
www.arrowint.com 

Long-term catheter MILA international Polyurethane 

with peel-away www.milaint.com 

introducer 

Seldinger technique Global/Surgivet Polyurethane 


central catheter www.surgivet.com 


A selection of commercially available 
central/long-stay catheters 


Catheter insertion 


Peripheral veins 

A large area of skin surrounding the vein should be 
clipped before insertion of the catheter. Long hair 
(feathers) on the caudal aspect of the limb may need 
to be removed if it will interfere with securing the 
catheter and to help prevent contamination. In some 
dogs a complete 360-degree clip of the limb may 
be necessary. Catheters should be placed asepti- 
cally and as distal in the vein as possible to allow 
subsequent venipuncture at a more proximal site. 
In the emergency situation there may not be time 
for full aseptic preparation of the vein. In these 
circumstances, potentially contaminated catheters 
should be replaced as soon as practically possible. 
Peripheral catheter placement is described in 
Figure 2.9. 

A T-port or extension set should be attached and 
the catheter well secured with conforming non-elastic 
adhesive tape or sutures. Extension sets are useful 
as they prevent unnecessary blood loss, provide a 
method of closure when the catheter is not in use and 
increase the ease of connection of drip lines and drug 
administration (Figure 2.10). The catheter should be 
bandaged in place to prevent contamination. This 
bandage should comprise a soft primary layer and 
protective secondary layer. 
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1. Hands should be washed carefully before placement. Sterile 
gloves are not necessary for short-term peripheral catheter 
insertion. The skin overlying the vein should be prepared with 
an antimicrobial scrub solution and surgical spirit. 

2. The vein should be raised by an assistant. 

3. The catheter can usually be placed directly through the skin but 
in some patients, a small facilitative skin nick made with a 
no.11 blade may ease insertion. This is especially useful in 
dehydrated animals or those with very thick skin, and prevents 
burring of the catheter tip as it passes through the 
subcutaneous tissues. 

4. The catheter is advanced through the skin into the vein at a 
30-40-degree angle with the stylet bevel up. 

5. Once blood is visualized in the flash chamber the stylet and 


small distance further into the vein to ensure the catheter lies 
fully within the lumen, 


6. The catheter is advanced off the stylet. The stylet should 
remain absolutely immobile as the catheter is advanced. 


7. Once the catheter has been fully advanced, the stylet is 


set as this may damage the catheter tp or shear of part of 
the catheter. 


8. Once the catheter has been advanced into the vein the assistant 
can occlude the vessel by applying pressure over the vein at the 
distal end of the catheter to prevent spillage of blood. 

9. A T-port or injection cap should be attached to the catheter and 
the catheter secured in place with adhesive tape. 


TI Placement of a peripheral catheter. 


| 2.10 | Examples of T-ports or extension sets. 


Central veins 

The most commonly used site for central venous ac- 
cess is the jugular vein. As a catheter of any length 
may be-placed using the through-the-needle tech- 
nique, other sites (e.g. the medial saphenous vein) 
may also be utilized. Central catheters should be 
placed using strict aseptic technique. Sterile gloves 
should be worn and the catheter site should receive 
full surgical preparation and be draped appropriately 
before catheter placement. Although central lines may 
be placed in conscious patients if they are weak or 
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debilitated, sedation or anaesthesia is required in most 
animals to prevent movement during the procedure. 
Considering the site and size of needle utilized, it is 
prudent to check for the presence of coagulopathy or 
thrombocytopenia before placement. In breeds pre- 
disposed to von Willebrand's disease a buccal mu- 
cosal bleeding time should also be performed. Central 
lines may be placed using either the Seldinger (see 
Figure 2.7), peel-away or through-the-needle (needle 
guard) technique as described above. These catheters 
are sutured into place and bandaged securely to 
prevent contamination and inadvertent removal. Peri- 
pherally inserted central catheters (PICC) are useful 
when access to the jugular vein is limited. In these 
cases long catheters are inserted through peripheral 
veins (usually the saphenous) into the caudal vena 
cava. These catheters can be used in the same way 
as conventional central catheters. 


Catheter maintenance 

Maintenance of the catheter is vitally important; the 
catheter should be examined at least twice daily. The 
site of insertion should be monitored for signs of heat, 
erythema, swelling, pain or leakage of fluid. The leg 
and foot should be checked for swelling above the cath- 
eter site (indicating extravasation of fluid) and swelling 
of the toes (indicating that the bandage or tape is too 
tight). Jugular catheters should be covered with a light 
bandage, avoiding application of too much pressure to 
the neck. Too tight a jugular wrap will rapidly result in 
swelling of the head or upper airway obstruction. It 
should be possible to pass a hand comfortably under 
the bandage after placement. The bandage should be 
removed and replaced each time the catheter is 
checked. If signs of phlebitis are present (redness or 
discharge at the catheter site, thickening along the 
length of the catheter when it is palpated under the 
skin) or the animal develops unexplained pyrexia, 
the catheter should be removed and the tip sent for 
microbiological culture. Routine use of topical or sys- 
temic antibiotic ointments is not recommended. 

Catheter patency should be maintained by any fluid 
running through it. If the catheter is not being used 
continuously, intermittent flushing with saline or 
heparinized saline (11U of heparin per ml of saline) 
should be performed two or three times a day as well 
as before and after use. A ‘flash’ of blood should be 
observed before flushing the catheter, to ensure the 
catheter is still in place in the vein. This does not al- 
ways happen with peripheral or small-gauge catheters. 
Failure to obtain blood when a central line is aspi- 
rated can indicate that a catheter is no longer cor- 
rectly placed in the vein or that there is a partial 
obstruction, e.g. thrombus at the tip of the catheter. 
Some smaller-gauge central catheters, however, 
function poorly for blood sampling from the outset. 
Replacement of central catheters should be consid- 
ered if it is not possible to aspirate blood even if the 
fluids appear to be flowing well. 

Once the catheter is no longer required it should 
be removed. As long as careful monitoring is per- 
formed catheters may be left in place for several days. 
When a catheter is not in use, sterile injection caps 
(Figure 2.11) should be used to close access ports; 


Examples of 
injection caps. 


ports should never be left open to the air. Disconnec- 
tion of fluid lines should be avoided and only done 
when absolutely necessary to reduce contamination 
of the catheter. 


Catheter complications 


Catheter displacement/extravasation of fluids or 
medications 

Even with diligent efforts to secure and maintain cath- 
eters properly, there is a risk of displacement of any 
intravenous or arterial catheter. Risk of displacement 
may be greatest with the use of peripheral over-the- 
needle catheters. Careful securing and diligent moni- 
toring are the best strategies to limit catheter migration 
and subsequent extravasation of fluids or medications. 


Phliebitis/thrombophlebitis 

All patients are at risk for phlebitis or thrombophlebitis 
by virtue of the inherent endothelial damage and in- 
flammation incited by the presence of any intravenous 
catheter. Phlebitis may be simply inflammatory, or may 
be associated with concurrent infection because the 
catheter entry site and attached fluid administration set 
represent an important portal for bacterial entry. As dis- 
cussed above, catheters should be checked regularly 
and if examination of the catheter insertion site or 
vessel identifies any redness, swelling, pain, firmness 
or other signs of inflammation, immediate removal of 
the catheter should be considered. The presence of 
phlebitis increases the risk for other more serious cath- 
eter-related complications such as endocarditis. 


Thrombosis/thromboembolism 

Continuous administration of intravenous fluids and/ 
or regular intermittent flushing decreases the risk of 
thrombosis but does not completely prevent it. Blood 
clots may occur within the catheter lumen, obstruct- 
ing flow, or outside the catheter between it and the 
vessel wall. Thrombi that form outside the catheter or 
attached to the tip of the catheter may not obstruct 
flow through the catheter, but can break off to form a 
thromboembolism at any time. Patients with under- 
lying diseases predisposing to hypercoagulability (i.e. 
endocrine disease, cardiac disease, severe inflam- 
mation) are considered to be at greater risk for throm- 
bosis and/or thromboembolism. In these patients 
careful risk—benefit assessment should be performed 
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before placement of a central catheter. Placement of 
a peripherally inserted central catheter (PICC) via the 
saphenous vein may be preferred. Septicaemia is 
considered to be an absolute contraindication to cen- 
tral vein catheterization in human patients due to the 
increased risk of thrombophlebitis, although this 
contraindication is not considered absolute in small 
animal patients and central lines are routinely placed 
in dogs and cats with sepsis. 


Infection 

Routine practice of good hygiene and aseptic tech- 
niques whenever intravenous catheters are used, 
combined with daily catheter maintenance, are the 
best strategies for prevention of catheter-related in- 
fections. Catheter contamination will be minimized by 
limiting the number of disconnections from fluid lines 
and injection ports. 


Dislodgement/catheter embolism 

Embolism by a piece of an intravenous catheter is an 
uncommon but serious complication which may result 
from inadvertent transection of the catheter with a blade 
or scissors as bandage or suture material is being 
removed. Extreme caution should be practised when- 
ever sharp instruments are used near a catheter. 


Air embolism 

Air embolism may occur with any indwelling venous 
catheter. The risk of air embolism is thought to be 
greatest during the placement of central venous cath- 
eters. This can be avoided by delaying release of vas- 
cular occlusion until the catheter has been connected 
to the T-port. Air embolism can also occur if fluid 
administration sets are not flushed properly and air 
bubbles remain within the line. In most circumstances, 
when air embolism does occur, small emboli will be 
contained within the pulmonary vasculature without 
adverse clinical consequence. 


Exsanguination 

Blood loss may occur whenever a catheter becomes 
disconnected from its injection cap, T-port or fluid ex- 
tension set. The risk of significant blood loss is great- 
est with arterial catheters as blood can be lost rapidly 
under arterial pressure. Patients with arterial catheters 
should always be under direct supervision. Patients 
with venous catheters can also suffer haemorrhage if 
their catheter becomes disconnected and a clot does 
not form, however significant blood loss is rare. All 
patients with intravenous access should be observed 
at regular intervals. 


Specialized techniques 


Cut-down technique for venous access 

In some patients, it may not be possible to obtain per- 
cutaneous peripheral or central venous access and 
a surgical cut-down approach will be required. This 
occurs most commonly in animals with severe peri- 
pheral oedema or vascular collapse. The technique 
may be used for peripheral or central veins and is 
similar for both. If time allows, strict aseptic technique 
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should be followed; if not, clipping of the hair and 
brief wiping with an antiseptic solution will suffice. 
These ‘dirty’ catheters should be removed as soon 
as is practically possible and should never remain in 
place beyond 24 hours. Drainage of the site may be 
required after catheter removal. 

After skin preparation, the location of the vein is 
identified using anatomical features and circumfer- 
ential compression of the leg or neck. The location 
of the jugular vein can be estimated by drawing an 
imaginary line from the manubrium to the angle of 
the jaw. The jugular will lie approximately half way 
along this line. The skin is pulled laterally so that it 
no longer overlies the vein and a longitudinal inci- 
sion is made through the skin to the subcutaneous 
tissues. The length of the incision will depend par- 
tially on the site and partially on the skill of the vet- 
erinary surgeon or nurse. The subcutaneous tissues 
are bluntly dissected away from the vein using the 
index fingers or sterile curved-tip haemostats. Cath- 
eter insertion is facilitated by removal of as much of 
the fascia from around the vein as possible (Figure 
2.12). Once the vein is exposed, catheter placement 
is accomplished using one of two main techniques. 
The first technique utilises two loops of suture mat- 
erial passed beneath the vein. The distal loop is used 
to elevate and partially occlude the vein during place- 
ment and the proximal loop can subsequently be 
used to secure the catheter. This technique requires 
complete dissection of the vessel from the surround- 
ing tissues. The other technique uses no suture; the 
catheter is placed in the conventional manner once 


An illustration of a cut-down technique 

(a) The jugular is shown dissected free from 
the subcutaneous tissues. Stabilization of the vein with a 
pair of artery forceps or suture can aid subsequent 
catheter placement. (b) The catheter is placed into the 
vein, advanced and secured carefully before use 
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the vein is directly visualized. Less dissection is re- 
quired with this latter technique although stabilization 
of the vessel is more challenging. Once the catheter 
is in place it should be secured immediately by su- 
turing it to the vessel or surrounding tissues. The 
skin may then be sutured and the catheter bandaged 
into place as previously described. 


Intraosseous catheters 

Intraosseous access is particularly useful in cases 
where direct intravenous access is not possible but 
where rapid fluid administration is required, such as 
with hypovolaemic puppies or kittens, or in animals 
with severe vascular collapse. This route may be used 
to provide initial fluid resuscitation and medication 
as necessary until intravenous access is possible. 
Most substances that can be given intravenously 
may be given into the medullary space and absorp- 
tion into the vasculature is extremely rapid. Although 
intraosseous needles are considered to access the 
central compartment, hypertonic and alkaline fluids 
may cause pain when infused and can lead to 
lameness. Intraosseous cannulas are commercially 
available (Figure 2.13); however a spinal or bone 
marrow aspiration needle may be used. In young 
animals a regular hypodermic needle may be used 
as the cortical bone is soft. Ideally the needle should 
have a central stylet to prevent a core of bone from 
obstructing the needle. 


A commercially available intraosseous 
cannula 


Placement of an intraosseous catheter is easy and 
rapid. The technique is described in Figure 2.14. Any 
site with a good marrow cavity may be used and suit- 
able sites include: 


* The medial aspect of the trochanteric fossa of 
the femur 

* The flat medial surface of the proximal tibia, 1-2 
cm distal to the tibial tuberosity 

* The cranial aspect of the greater tubercle of the 
humerus 

* The wing of the ilium. 


The preferred sites are those in the femur and tibia. 
Damage to the sciatic nerve can be avoided by walk- 
ing the needle off the medial edge of the greater 
trochanter. Care should be taken in young animals to 
avoid damaging the growth plate. 


1. The skin overlying the chosen area is clipped and surgically 
prepared. 

2. Local anaesthesia is infiltrated down to the level of the 
periosteum with 1% lidocaine. 

3. Ano.11 blade is used to make a small skin nick. 

4, The needle is inserted into the bone using a firm twisting 
motion until well seated through the cortex. When properly 
seated in the medullary cavity the needle will feel secure and 
movement of the needle will result in movement of the bone. 

5. The needle should be flushed with heparinized saline and a T- 
connector or infusion set attached. 

6. The cannula should be secured either with sutures or tape and 
the entry site covered with a sterile swab and antiseptic 
ointment. A bulky wrap should be applied to prevent damage to 
the needle. 


ZD Placement of an intraosseous cannula 


Once in place, fluids can be given rapidly to pro- 
vide volume resuscitation. Intraosseous catheters and 
needles may be left in place but are difficult to secure 
in active animals; their most useful application is there- 
fore in patients during initial stabilization where intra- 
venous access is impossible. Extravasation may occur 
so the subcutaneous tissues should be monitored. 
Should this occur the cannula should be removed and 
a different bone selected for subsequent placement, 
or efforts made to place an intravenous catheter once 
initial resuscitation has been performed. 


Arterial catheterization 

Arterial catheters are placed less commonly than 
venous catheters in veterinary practice. They are, 
however, particularly useful for monitoring critically ill 
patients as they allow direct arterial blood pressure 
measurement and serial collection of arterial blood 
gas samples. They require greater technical skill to 
place than venous catheters, however with practice 
arterial catheters may be placed in the majority of 
medium- to large-sized dogs. Placement in cats and 
small dogs is more challenging. 

The main sites used for arterial catheterization are 
the dorsal pedal artery, femoral artery, auricular art- 
ery and palmar metacarpal artery. A 20-22 gauge pe- 
ripheral venous catheter can be placed in most 
arteries. The site is prepared gently with an anti- 
microbial scrub solution and surgical spirit. Vigorous 
scrubbing may cause arterial spasm and should be 
avoided. Use of a small stab incision (no.11 blade) 
through the skin facilitates placement as it minimizes 
damage to the catheter tip. The artery is palpated 
during placement and this is used to guide the cath- 
eter tip towards the vessel (Figure 2.15). As the walls 
of arteries are more muscular than those of veins, en- 
trance of the catheter into the vessel is aided by short, 
firm, purposeful movements once the catheter tip is 
in the region of the artery. The flash chamber is 
watched closely for signs of vessel penetration, and 
once this has occurred the stylet should be flattened 
and advanced a little further into the vessel before 
the catheter is advanced into place. To facilitate feed- 
ing of the catheter, it is important that the catheter is 
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aligned parallel to the artery at all times and ap- 
proached at a gentle angle (10-30 degrees). The dor- 
sal pedal artery runs at about 30 degrees to the long 
axis of the limb from medial to lateral. Once in place 
the catheter is secured firmly, bandaged, and 
heparinized. It may then be used as required for blood 
pressure monitoring and collection of samples for 
blood gas analysis. 


( 2.15 | Placement of an arterial catheter in the dorsal 
pedal artery. The artery is palpated during 
insertion and the catheter is aligned with the artery to 
facilitate feeding 


Arterial catheters may be placed in patients that are 
thrombocytopenic or coagulopathic, but this should be 
done with care and only the more distal sites on the 
limb should be used. There is an increased risk of bleed- 
ing in these situations; if this occurs firm pressure should 
be applied to the site for 10—15 minutes. Arterial cath- 
eters should be maintained in a similar way to venous 
catheters; however they require more frequent flush- 
ing (at least every 1-2 hours) as they are prone to 
occlusion. Alternatively, arterial catheters used for con- 
tinuous monitoring of direct arterial blood pressure may 
be connected to a disposable pressure transducer, 
through which dilute heparinized saline is continuously 
infused under pressure via microtubing (Figure 2.16). 
Care must be taken to identify clearly arterial catheters 


Y 2.16 | Constant 
flushing 
of an artery via 
microtubing 
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as such, to avoid inadvertent administration of fluids or 
drugs into the artery. Due to the risk of vascular dam- 
age and subsequent tissue necrosis, use of arterial 
catheters should be restricted to blood sampling and 
pressure monitoring; they should never be used for 
administration of drugs or fluids. 


The pulmonary artery catheter 

Cardiac catheterization is an uncommon catheteriza- 
tion procedure which is generally reserved for the in- 
tensive care unit and requires the participation of an 
experienced specialist. Pulmonary artery (PA) cath- 
eters (Swann-Ganz catheters) are specialized multi- 
lumen catheters equipped with a balloon-tip to facilitate 
catheterization of the pulmonary artery and subse- 
quent measurement of vascular pressures (wedge 
pressure). They are also equipped with a thermistor 
to allow determination of cardiac output and systemic 
vascular resistance. Select PA catheters may also 
allow additional monitoring (e.g. oximetry). Indications 
for the use of a PA catheter include patients that are 
refractory to routine fluid resuscitation, patients with 
known cardiac disease that require aggressive fluid 
therapy and patients with distributive shock. Contra- 
indications for cardiac catheterization include: the 
presence of bleeding disorders, acquired coagulo- 
pathies or severe hypercoagulability; unstable cardiac 
conditions; and any pre-existing risk for complications 
(i.e. severe dysrhythmias or predisposition to them). 


Placement of the pulmonary artery catheter 

A detailed discussion of the available catheter types 
and their use for advanced cardiac monitoring has 
been discussed elsewhere and is beyond the scope 
of this chapter. 

Successful and humane cardiac catheterization 
typically requires either sedation or light anaesthesia 
(depending upon the severity of disease in the indi- 
vidual patient). For the most part, placement of a PA 
catheter requires the same basic skills/techniques 
needed for placement of any central catheter within 
the jugular vein. It may involve either direct surgical 
exposure of the vessel or percutaneous placement of 
an introducer sheath. In the critical care setting, an 
introducer catheter is most commonly placed via the 


Seldinger technique. After placement of the introducer, 
the PA catheter is inserted through the sheath into 
the jugular vein. The PA catheter is then advanced 
from the jugular vein into the cranial vena cava and 
then the right atrium. Ventral direction and gentle ro- 
tation of the catheter as it is passed may encourage 
entry into the right atrium rather than the azygous vein. 
Upon successful positioning in the right heart (con- 
firmed via pressure tracings or use of fluoroscopy) 
the balloon is inflated and further advancement of the 
catheter allows it to pass through the tricuspid valve 
into the right ventricle and then into the right ventricu- 
lar outflow tract and PA. When in position, the most 
distal lumen of the PA catheter lies within the pulmo- 
nary artery, the opening of the second lumen should 
be in the right ventricle, and the most proximal lumi- 
nal opening should be in the right atrium. Access for 
cardiac catheterization via the femoral vein is de- 
scribed but is not advised for most clinical cases. 

Specific complications of cardiac catheterization 
are listed in Figure 2.17. 


| 247 | Specific complications of cardiac 
2.17 bas 
catheterization. 
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Assessment and diagnosis 


of shock 
Janet Aldrich 


Introduction 


Shock is a syndrome characterized by the presence 
of severe Clinical signs, including alterations in men- 
tal state, mucous membrane colour, capillary refill 
time, heart rate and pulse quality. It occurs when a 
global but unequal deficit in tissue perfusion dam- 
ages cells. In vasoconstrictive shock, profound 
constriction of some tissue beds damages cells by 
depriving them of oxygen and other nutrients. In 
vasodilative shock, inflammatory mediators damage 
cells. In most cases, elements of both ischaemic 
and mediator-induced damage are present. Cell dam- 
age by these mechanisms impairs cell function and 
can result in organ failure and death. Treatment of 
shock aims to prevent more cell damage and to 
promote healing by optimizing tissue perfusion. 
Therapeutic endpoints include improvement in 
clinical signs and normalization of other measured 
parameters, such as base deficit, blood lactate con- 
centration and urine output. 


Classification of shock 


Events causing shock do so by decreasing: 


* The effective circulating blood volume 

* The capacity of blood to deliver oxygen to cells 

* The ability of the heart to pump blood 

* The ability of the vascular system to maintain 
appropriate vasomotor tone. 


Shock may be classified as primarily hypovolae- 
mic (decreased intravascular volume secondary to 
salt and water loss or whole blood loss), traumatic, 
obstructive, cardiogenic or distributive (sepsis or 
anaphylaxis) (Figure 3.1). Classification schemes, in- 
cluding this one, tend to be oversimplifications be- 
cause relatively few global, clinically assessable 
parameters represent a large number of complex, in- 
teracting processes occurring at the cellular level. 


Hypovolaemic shock 

Hypovolaemic shock occurs when loss of circulating 
blood volume causes a severe decrease in tissue 
perfusion. Vasoconstriction is the primary compensa- 
tion for hypovolaemia. Constriction of venous capaci- 
tance vessels improves venous return, while arteriolar 
constriction in non-essential tissues redistributes blood 
flow to essential circulatory beds (coronary and cer- 
ebral). The effect of this vasoconstrictive compensa- 
tion is perfusion of some vital areas but deprivation of 
others, particularly the splanchnic circulation. Cells 
damaged by ischaemia are likely to release inflam- 
matory mediators, potentially causing more cell dam- 
age. Vasoconstriction is a short-term solution to a 
vascular volume problem and is life saving, provided 
that volume is restored before irreversible cell dam- 
age has occurred. 


Salt and water loss 

Losses outside the body in urine, faeces or vomitus 
come from the intravascular and interstitial compart- 
ments and, reflecting the composition of those 
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compartments, predominantly contain sodium chlor- 
ide and water. Losses of this type are distributed across 
the extracellular space. Decreases in skin turgor as 
well as changes in the cardiovascular parameters 
(mental state, mucous membrane colour, capillary refill 
time, heart rate and pulse quality) are expected. Red 
blood cells and proteins are concentrated in a smaller 
volume of plasma, as indicated by an increase in 
packed cell volume and total solids. 


Blood loss 

Haemorrhage causes shock by a combination of in- 
travascular volume loss and a decrease in red cell 
mass, such that oxygen delivery to cells is critically 
low. Because the lost fluid has the same composition 
as the remaining blood, no changes in packed cell 
volume or total solids are initially expected. Over time, 
redistribution of salt and water from the interstitium 
replaces a portion of this loss and dilutes the remain- 
ing red blood cells and proteins. 


Traumatic shock 

In trauma, shock is often due to hypovolaemia sec- 
ondary to bleeding. Extensive tissue trauma can also 
cause enough capillary damage to result in substan- 
tial loss of plasma into the tissues. Additionally, pain 
can inhibit the vasomotor centre and interfere with the 
vasoconstrictive response. Extensive tissue damage 
activates the inflammatory response, causing release 
of inflammatory mediators from damaged cells. 


Obstructive shock 

Inadequate tissue perfusion may occur due to an ob- 
struction of blood flow within the vasculature. In order 
to cause a global deficit in tissue oxygen delivery this 
obstruction must occur in a vessel close to the heart. 
Although uncommon in veterinary medicine, obstruc- 
tive shock may be seen in animals with massive pul- 
monary thromboemboli or pericardial effusion. 
Pericardial effusion causes an effective obstruction 
of blood flow, as the increased intrapericardial pres- 
sure reduces flow into the right side of the heart. 


Cardiogenic shock 

Failure of the pump function of the heart causes 
cardiogenic shock. Ventricular volumes and central 
venous pressure may be increased, but forward flow 
is inadequate. For example, Dobermanns with severe 


dilated cardiomyopathy may present with pale mucous 
membranes and weak pulses because of systolic fail- 
ure. In contrast, cats with cardiogenic shock due to 
hypertrophic cardiomyopathy are experiencing severe 
diastolic failure. 


Distributive shock 

Distributive shock is characterized by non-uniform loss 
of adequate peripheral vascular resistance. Resist- 
ance in specific tissue beds may be increased, de- 
creased or normal, and the clinical picture is that 
of vasodilation. With adequate volume resuscitation, 
tissue perfusion increases. Some areas, such as 
splanchnic tissues, may continue to be perfused in- 
effectively or, in spite of adequate perfusion, may be 
unable to use the substrates presented. These vas- 
cular and cellular effects largely result from the global 
release of inflammatory mediators (see ‘The systemic 
inflammatory response syndrome and the multiple 
organ dysfunction syndrome’). 


Septic shock 

Sepsis is the systemic inflammatory response to se- 
vere infection, most commonly caused by bacteria or 
bacterial toxins. Other causative agents include fungi, 
protozoans and viruses. When sepsis is combined with 
clinical signs of shock, septic shock is present. 


Anaphylactic shock 

Anaphylaxis results from an antigen—antibody reac- 
tion occurring immediately after an antigen, to which 
the patient is sensitized, enters the circulation. Ana- 
phylactic shock is characterized by: venous dilation 
that increases venous capacitance and decreases 
venous return; arteriolar dilation that decreases arte- 
rial pressure; and increased capillary permeability that 
results in hypovolaemia due to loss of plasma into 
tissues. Urticaria, angioedema, laryngeal oedema and 
bronchospasm may also be present. 


Clinical signs and related 
cardiovascular parameters 


The clinical signs of shock and the cardiovascular para- 
meters that these signs represent are shown in Figure 
3.2. Correct interpretation of these signs, based on 
knowledge of their physiology, is of primary importance 


Altered mental state 
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TR Clinical signs of shock and related cardiovascular parameters in the dog. 


18 


in the initial management of shock patients. The signs 
serve to identify that a state of shock exists and their 
resolution or improvement serves as some of the 
endpoints of resuscitation. 


Clinical signs related to intravascular 
volume 


Mental state 

Mental state refers to the level of consciousness and 
the behaviour of the patient. The brain has a high 
metabolic rate and low energy reserves, making it 
dependent on a constant supply of oxygen and glu- 
cose. Decreases in brain perfusion cause deteriora- 
tion in the mental state. 


Mucous membrane colour 

The amount and the composition (haemoglobin, oxy- 
gen) of blood in the underlying capillary beds create 
the normally pink colour of mucous membranes. Either 
anaemia or severe vasoconstriction can cause mu- 
cous membranes to be pale or white. Vasodilation and 
venous pooling cause mucous membranes to be ex- 
cessively red, a condition common in sepsis. 


Capillary refill time 

Digital pressure applied to a mucous membrane 
pushes blood out of the underlying capillary bed. Cap- 
illary refill time is the time it takes, in seconds, for blood 
to refill the capillary bed after digital pressure is re- 
moved. This is usually about 1—1.5 seconds. The rate 
of refill is determined by the tone of the precapillary 
arteriolar sphincters. Vasoconstriction lengthens and 
vasodilation shortens the capillary refill time. Capil- 
lary refill time is not a measure of cardiac output; 
rather, it is a measure of peripheral vasomotor tone. 


Heart rate 

Increased heart rate is an early and sensitive indicator 
of vascular volume loss, acting as a compensatory 
mechanism to increase cardiac output even though 
stroke volume is diminished. If tachycardia is due to 
volume loss, restoration of an effective circulating 
blood volume should cause the heart rate to return to 
normal. Other causes of tachycardia, such as pain, 
fever, hypoxaemia or hypercapnia, should be consid- 
ered. Compared with dogs, cats in shock often have 
heart rates that are slower than normal, frequently in 
the 120-150 beats per minute (bpm) range. 


Pulse quality 

Pulse quality is a subjective impression of the full- 
ness, or amplitude, of the pulse. It is determined by 
the pulse pressure (difference between systolic and 
diastolic pressure) and the duration of the pressure 
waveform. Pulse quality is most indicative of stroke 
volume and is not well correlated with arterial blood 
pressure. Vasoconstriction and small stroke volume 
are the most common causes of poor pulse quality 
(lack of fullness of the pulse). 


Temperature of extremities 
Vasoconstriction decreases blood flow to the extremi- 
ties, causing them to cool. The surface temperature 
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of an extremity can be measured by taping a clinical 
thermometer between the toes. The rectal to toe-web 
temperature difference is normally 4°C. Increases in 
the gradient indicate peripheral vasoconstriction. 


Clinical signs related to interstitial volume 
Interstitial volume can be assessed by evaluating skin 
turgor and mucous membrane moistness. Losses of 
salt and water (as with severe vomiting, diarrhoea or 
diuresis) cause loss of both interstitial and intravas- 
cular volume. Acute blood loss causes a decrease in 
vascular volume, but, at least in the early stages, may 
leave the interstitial volume unchanged. 


Skin turgor 

Skin turgor (skin elasticity) causes skin to return to 
its normal position after being gently lifted into a 
tented position. The elasticity of the skin and subcu- 
taneous tissues is a measure of the amount of fluid 
(salt and water) and fat in the interstitial space. In- 
terstitial dehydration causes the skin to remain tented 
for several seconds. However, the assessment of 
skin turgor is subject to a fairly large degree of error. 
In states of normal hydration, thin patients have 
decreased skin elasticity due to loss of subcutaneous 
fat. Because of higher subcutaneous stores of fat 
and water, young patients usually have more skin 
elasticity than do older patients. 


Mucous membrane moistness 

The degree of moistness of the mucous membranes 
reflects the status of the interstitial space. However, 
other problems such as nausea or oral disease may 
cause excessive Salivation, which may make the mem- 
branes appear moist, even in the face of interstitial 
volume deficits. 


Changes in vasomotor tone 

Changes in vasomotor tone characterize the shock 
state, and form the basis for its recognition and treat- 
ment. Vasoconstriction and vasodilation are not uni- 
form across the vascular system or throughout the body. 
Moreover, changes in the tone of arteries have differ- 
ent effects from changes in the tone of veins. Since 
shock is a cellular event, impairment of adequate blood 
flow to the capillaries, where oxygen and nutrient trans- 
port to the cells occurs, is of primary concern. 

The tone of metarterioles determines most (80%) 
of the systemic vascular resistance, and changes in 
metarteriolar tone redistribute blood flow. Some or- 
gans, particularly brain, heart and kidney, have an 
intrinsic ability (autoregulation) to regulate their blood 
flow in the face of changes in arteriolar tone. The cap- 
illary beds comprise the largest area of the vascular 
system and the site of nutrient exchange between 
blood and cells. Changes in capillary hydrostatic or 
oncotic pressure cause changes in fluid movement 
across capillary membranes, with increases in hydro- 
static or decreases in oncotic pressures promoting loss 
of fluid to the interstitium. In shock, arteriovenous con- 
nections allow blood to bypass the capillary bed. The 
venous system normally contains about 65% of the 
total blood volume, as veins store large quantities of 
blood that can be made available to the remainder 
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of the circulation. This capacity is exploited in shock 
therapy when large volumes of fluid are administered 
rapidly. Venoconstriction causes an increase in ven- 
ous return to the heart. 


Vasoconstriction 

Hypotension initiates a vasoconstrictive response 
within 30 seconds, as sympathetic reflex responses 
are mediated through baroreceptors in the thorax and 
central nervous system receptors. Within 10 minutes, 
angiotensin and vasopressin begin to contribute to 
vasoconstriction and to conservation of sodium and 
water by the kidneys. Over the next few hours, as 
capillary hydrostatic pressure decreases, reabsorp- 
tion of interstitial fluid and stimulation of thirst contri- 
bute to complete restoration of vascular volume. The 
vasoconstrictive response supports life in the short 
term, but puts some organs at risk. Arteriolar vaso- 
constriction redistributes flow to the cerebral and coro- 
nary circulations, which, in combination with intrinsic 
autoregulation, favours perfusion of the heart and 
brain. At the same time, it severely decreases flow to 
splanchnic, muscle and skin vascular beds. 


Vasodilation 

Infectious agents and/or their toxins, trauma and is- 
chaemia can damage cells. Any severe cellular insult 
can initiate a systemic inflammatory response in which 
cells produce mediators that change the extracellular 
environment. Vasodilation is one sign of the presence 
of systemic inflammation. Tissue perfusion is compro- 
mised and venous return is decreased when blood 
pools in the capillary beds. Improvement in blood vol- 
ume can restore tissue perfusion, provided that ade- 
quate forward flow is maintained. 


Irreversible shock 


If the state of shock is sufficiently severe and pro- 
longed, irreversible cell damage occurs and treatment 
will be unsuccessful. Processes contributing to irre- 
versible shock include: 


* Decreased coronary blood flow that damages 
the myocardium and causes decreased 
cardiac output, further compromising coronary 
blood flow 

* Decreased blood flow to the vasomotor centres 
in the brain that impairs the vasoconstrictive 
response, resulting in further decreases in 
cerebral and coronary circulation 

* Release of inflammatory mediators from cells 
damaged by shock, promoting the production of 
more inflammatory mediators and thus causing 
more cell damage. 


Cardiovascular elements of tissue 
perfusion 


Deficits in tissue perfusion have important negative 
consequences on cell function, including energy 
deficits and stimulation of systemic inflammation. 
Restoration and maintenance of tissue perfusion are 
the primary goals of shock therapy. Figure 3.3 is a 
schematic representation of the cardiovascular ele- 
ments that combine to provide adequate blood flow 
to cells (tissue perfusion). These cardiovascular 
elements are global parameters taken at one point 
in time and represent an average measure of mul- 
tiple, interactive processes. 


Visceral perfusion 


Systemic vascular 
resistance 


Cerebral and 
coronary perfusion 
Arterial blood 
pressure 


Oxygen delivery 
Oxygen consumption 


ep Cardiovascular elements of tissue perfusion. 
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Preload 


Afterload 


Stroke volume 


Haemoglobin 


Oxygen content 


Arterial oxygen 


Cardiac output 
Cardiac output is the volume of blood pumped by the 
heart each minute, and is the product of heart rate 
and stroke volume. In the closed cardiovascular sys- 
tem, cardiac output cannot exceed venous return to 
the right ventricle. 


Stroke volume 

Stroke volume is the volume of blood ejected per 
heartbeat. It depends on preload, contractility and 
afterload. 


Heart rate 

Increased heart rates usually produce increased 
cardiac output. However, excessively fast heart 
rates (greater than 220-240 bpm) allow insufficient 
time for ventricular filling and can result in decreased 
cardiac output. When heart rates are slow, cardiac 
output is partially maintained, because increased 
time for ventricular filling results in increased stroke 
volume. Pathologically slow heart rates do not 
allow sufficient beats per minute to maintain car- 
diac output. 


Preload 

Preload refers to the volume of blood in the ventricles 
at end-diastole. In a physiological sense, it depends 
on circulating volume, venous tone, atrial contraction 
and intrathoracic pressure. From a clinician's view- 
point, circulating volume and venous return are usu- 
ally the most important and the most readily treated 
components of preload. Venous return depends on 
the state of the systemic venous circulation. Veno- 
constriction, induced by sympathetic stimulation, in- 
creases venous return and preload. Decreased 
venous tone (increased venous capacitance) reduces 
venous return. 


Contractility 

Contractility, the ability of cardiac myocytes to shorten 
during systole, reflects the ability of the heart to 
act as a pump. In shock, decreases in myocardial 
perfusion, sympathetic activation, acidosis and 
myocardial depressant factors have deleterious 
effects on contractility. 


Afterload 

Afterload refers to the forces that oppose myocardial 
muscle contraction and thereby ejection of blood from 
the ventricle. 


Systemic vascular resistance 

Resistance, the relationship between blood pressure 
and blood flow, is calculated rather than directly 
measured. Mean arterial pressure (MAP) is the arte- 
rial pressure averaged over time. Central venous 
pressure (CVP) is the pressure measured at the tip 
of a catheter placed in a jugular vein, usually posi- 
tioned so that the tip is close to the heart. It repre- 
sents right atrial pressure and reflects the filling 
pressure of the right ventricle. Cardiac output (CO) 
is the volume of blood pumped by the heart each 
minute. Systemic vascular resistance (SVR) is calcu- 
lated as: (MAP — CVP) + CO. 
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Arterial blood pressure 

Cardiac output and systemic vascular resistance cre- 
ate arterial blood pressure. Each left ventricular ejec- 
tion into the aorta and arterial tree creates a pressure 
pulse whose highest peak is systolic blood pressure. 
Cardiac output, systemic vascular resistance and 
blood viscosity interact in complex ways to affect 
systolic blood pressure. Normal values for systolic 
pressure are 110-190 mmHg in dogs, and 120-170 
mmHg in cats. Blood ejected during systole is partly 
stored in the distended arteries that rebound to cre- 
ate diastolic pressure. Duration of diastole, blood vol- 
ume and arterial elasticity all affect diastolic pressure. 
Normal values for diastolic pressure are 55-110 
mmHg in dogs and 70-120 mmHg in cats. Mean ar- 
terial pressure is the integrated mean of pressures 
throughout the cardiac cycle, and is calculated using 
the following formula: 


MAP = diastolic pressure + (systolic pressure — diastolic pressure) 
3 


While adequate blood pressure is required for 
blood flow, the presence of normal arterial blood pres- 
sure does not guarantee that adequate flow is occur- 
ring. For example, administration of a-adrenergic 
agonists to support blood pressure can create extreme 
vasoconstriction in some vascular beds. The result- 
ant increase in overall vascular resistance can create 
adequate blood pressure but a decreased total sys- 
temic perfusion. On the other hand, low blood pres- 
sures do not necessarily mean that flow is not 
occurring, because tissue perfusion is determined by 
the difference between arterial blood pressure and 
intra-organ pressure. If intra-organ pressure is low, 
then adequate flow can be obtained even with lower 
than normal arterial blood pressures. 

Hypotension is arı important component of all forms 
of shock; it can occur early or late in the shock state. 
In patients presenting with clinical signs of shock, ar- 
terial blood pressure can be so low that it is difficult to 
get an accurate reading before the first resuscitative 
fluids are delivered, and time should not be wasted 
trying to get such a measurement. Conversely, in less 
severely affected shock patients, compensatory pro- 
cesses act to maintain blood pressure, usually at the 
expense of perfusion to splanchnic and other tissues. 
Patients with clinical signs of shock should therefore 
be treated to restore tissue perfusion even if their blood 
pressure on presentation is normal. Hypertension is 
unexpected in patients with clinical signs of shock. 
Possible causes include: renal failure; hyperthyroidism 
(cats); fever; pain; central neurological disease; drugs; 
polycythaemia; and fluid overload. 

Blood pressure cannot be reliably estimated by 
digital palpation of the pulse because pulse quality 
(amplitude) reflects stroke volume and is not well cor- 
related with arterial blood pressure. Palpation of pulses 
is therefore not a substitute for measuring blood pres- 
sure because the pulse pressure is the difference 
between systolic and diastolic pressure. A large dif- 
ference creates a high amplitude pulse, but is only 
weakly correlated with arterial blood pressure. There- 
fore, blood pressure should be measured as soon as 
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is practical, and monitored frequently during treatment. 
It is especially important to identify persistent hypo- 
tension in patients thought to have been adequately 
treated for shock, because this might be the only sign 
of undertreatment and might indicate a need for 
vasopressors. Systolic pressure <90 mmHg, diastolic 
pressure <50 mmHg and mean pressure <60 mmHg 
should be corrected, with consideration of all the com- 
ponents of tissue perfusion as depicted in Figure 3.3. 
The usual sequence of treatment for hypotension is: 


1. Volume restoration. 

2. Treatment of oxygenation and ventilation 
problems. 

3. Pain control. 

4. Control of bleeding and restoration of adequate 
haemoglobin. 

5. Cardiac support if needed. 

6. Vasopressor therapy. 


Methods of blood pressure measurement 

Arterial blood pressure can be measured by direct and 
indirect methods. Direct methods require a needle or 
catheter placed in a systemic artery and connected 
to a pressure transducer, with the waveform displayed 
on a patient monitor. Direct blood pressure monitor- 
ing is more likely to be used in the continuing man- 
agement of a critically ill patient than in the emergency 
treatment of shock. Because they are non-invasive 
and can be rapidly applied, ultrasonic Doppler and 
oscillometric methods are the indirect methods usu- 
ally used for blood pressure monitoring in shock 
patients. The clinician should choose a system that 
has been validated for dogs and cats and that has 
been demonstrated to correlate well with direct blood 
pressure measurements. (Pedersen et al., 2002; 
Sawyer et al., 2004). 


Cuff selection for indirect methods: For either 
method of indirect blood pressure measurement, 
choosing the correct cuff size and applying it properly 
is essential. The proper cuff width (in centimetres) is 
40% of the circumference (in centimetres) of the site 
where the cuff will be placed. Cuffs that are too wide 
give falsely low readings, those that are too narrow 
give falsely high readings. The cuff should be applied 
snugly enough to only allow insertion of a small finger 
between the cuff and the leg. If the cuff is applied too 
tightly, the measurement will be erroneously low be- 
cause the cuff partly occludes the artery; if too loosely 
the measurement will be erroneously high because 
excessive cuff pressure is required to occlude the ar- 
tery. The cuff must be prevented from moving down 
the leg or tail when inflated, either by flexing the car- 
pus or tarsus, or by blocking distal movement of the 
cuff by placing a hand on the appendage, not on the 
cuff. If the cuff is placed on a limb, that limb must not 
be weightbearing. Motion interferes with measure- 
ments in either method. 


Doppler ultrasound: |In the ultrasonic Doppler 
method, an inflatable cuff attached to a manometer 
(Figure 3.4) occludes an artery, and a piezoelectric 
crystal placed over the artery distal to the cuff detects 


Los | Manometer 
used to 
determine pressure 
within a cuff positioned 
to occlude a 
peripheral artery. 
When used with a 
means to determine 
arterial flow distal to 
the cuff (e.g. Doppler 
ultrasound probe), 
systolic arterial blood 
pressure can be 
determined. 


flow. Based on the Doppler principle, the re-entry of 
blood into the artery as the cuff is released causes a 
frequency change (Doppler shift) in sound waves, 
which is detected by the piezoelectric crystal and con- 
verted to a sound detected by the operator. This 
method measures systolic pressure. 

The measurement site for the transducer is com- 
monly the superficial palmar or plantar arterial arch, 
or the medial caudal artery of the tail. The area is 
shaved and adequate coupling gel applied. The trans- 
ducer is positioned so that the sound of flow is de- 
tected and is taped in place with the transducer 
perpendicular to the artery. The cuff, which is placed 
proximal to the measurement site, is inflated to a pres- 
sure above the expected systolic pressure to occlude 
the artery, and slowly deflated at a few mmHg/sec 
until the sound of flow is detected. At this time the cuff 
pressure is equal to systolic pressure. In patients with 
very low systolic blood pressure (<70 mmHg) the value 
obtained may be closer to the mean rather than the 
systolic pressure. 


Oscillometric techniques: The oscillometric tech- 
nique uses a Cuff to occlude the artery, and detects 
oscillations of the underlying artery when it is partly 
occluded. This system determines systolic, diastolic 
and mean arterial pressures. In the oscillometric 
method, the cuff is snugly placed over the radial ar- 
tery proximal to the carpus, the saphenous artery 
proximal to the tarsus, the brachial artery proximal to 
the elbow, or the median caudal artery at the base of 
the tail. The cuff is attached to a control unit (Figure 
3.5) that continually senses arterial pressure and in- 
flates to a pressure greater than systolic, and then 
automatically deflates the cuff. The first oscillation is 
detected when the cuff pressure equals systolic pres- 
sure, the largest oscillation at mean pressure, and the 
oscillations disappear at diastolic pressure. Muscle 
contractions also create oscillations and are a source 
of potential error. The heart rate is displayed and the 
operator must verify that it matches the patient's heart 
rate. The operator records the values for three to five 
cycles and reports the averages for systolic, diastolic 
and mean pressures, verifying that the displayed heart 
rate corresponds to the patient's heart rate. This 
method is less accurate in very small patients, patients 
with low blood pressure and patients with dysrhythmias. 


| 3.5 | Automated oscillometric blood pressure 
monitor; invaluable for both intensive care unit 
and anaesthesia monitoring. With correct cuff size 
selection, these instruments provide clinically accurate 
and repeatable measurements in the majority of patients. 


Arterial oxygen content 

The purpose of blood circulation is, in large part, to 
deliver oxygen to the tissues. The amount of oxygen 
contained in a volume of blood is the total of the oxy- 
gen carried bound to haemoglobin and that carried in 
a dissolved state in plasma. Of the two, by far the 
largest contribution to arterial oxygen content comes 
from haemoglobin. 


Haemoglobin 

Haemoglobin combines reversibly with oxygen. When 
all of the haemoglobin is combined with oxygen, the 
blood is fully saturated. The saturation of arterial blood 
(S,O,) depends primarily on the partial pressure of 
oxygen (P,O). Under normal conditions arterial blood 
is about 97% saturated, i.e. 97% of the haemoglobin 
is combined with oxygen. 


P.O, 

P,O; measures the tension of oxygen dissolved in physi- 
cal solution in plasma, irrespective of the haemoglobin 
concentration. The P,O, determines the saturation of 
the haemoglobin molecule with oxygen according to 
the haemoglobin dissociation curve (see Figure 7.2). 
P.O, will be normal as long as the respiratory system 
is working properly. Severely anaemic patients will have 
anormal P,O, but a severely decreased arterial oxy- 
gen content, since there is little haemoglobin with which 
molecular oxygen can associate. 


Energy deficit in shock 


Energy production 

Shock is a cellular event with life-threatening conse- 
quences, many of which are due to a cellular energy 
deficit. Cellular processes depend on a supply of 
energy obtained from food and transferred to ATP 
(adenosine triphosphate). ATP is one of the most 
important molecules in nature, as it is the common 
currency of energy exchange. ATP provides energy 
for ion and metabolite transport, cellular motility, mus- 
cle contraction and anabolism. Life depends on its 
continual production and availability for use. 
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Aerobic metabolism 

In aerobic metabolism, cells extract energy by 
oxidative combustion of foodstuff molecules, using 
oxygen as an electron acceptor, in a series of enzyma- 
tically controlled steps of oxidation—reduction that are 
built into the cell. Molecular oxygen is a perfect elec- 
tron acceptor because it has a high affinity for hydro- 
gen and its electron, thus allowing liberation of the 
largest amount of free energy. This sequence allows 
complete oxidation of food and extraction of the maxi- 
mum amount of energy. 


Anaerobic metabolism 

In anaerobic metabolism, cells use electron accep- 
tors other than oxygen in the process of extracting 
energy from foodstuff molecules. Glycolysis is an 
anaerobic fermentation process that occurs in the 
cytosol and produces pyruvate or lactate, NADH and 
ATP. When the oxidative pathways in the mitochon- 
drion have stopped because of lack of oxygen, pyru- 
vate becomes the final electron acceptor and is 
reduced to lactate. This allows anaerobic glycolysis 
to proceed, but only 2 mmol of ATP (instead of the 
potential 36 mmol during aerobic metabolism) are 
formed from each millimole of glucose. 

In pathological states of decreased tissue 
perfusion, such as shock, global energy production 
switches from efficient, mitochondrial-based oxidative 
metabolism to inefficient, oxygen-independent, cytosol 
based glycolysis. This is a short-term and only partial 
solution to the problem of inadequate energy produc- 
tion caused by failure of oxygen delivery to cells. 
Additionally, the increase in lactate production can 
cause lactic acidosis (see ‘Lactic acidosis’). 


Consequences of an energy deficit 
The consequences of an energy deficit include: 


e Failure to maintain ionic gradients across cell 
membranes 

« Loss of the transmembrane potential 

* Intracellular accumulation of ions and water 

* Cell swelling and, eventually, cell death. 


Cell membranes are fitted with pumps (e.g. 
Na*—K*—ATPase) that maintain intracellular ionic con- 
centrations and a transmembrane potential. Loss of 
energy for these pumps allows sodium and water to 
accumulate intracellularly, while potassium and mag- 
nesium are lost to the extracellular space. The trans- 
membrane potential decreases. As sodium and water 
enter the cells, cell swelling causes changes in 
microfilament and microtubule function. The energy 
deficit causes mitochondrial dysfunction and de- 
creased electron transport. As ischaemia persists, 
mitochondrial swelling worsens and lysosomal break- 
down occurs. Terminally, structural integrity of the cell 
is lost due to breakdown of intracellular structures and 
the cell membrane. 


Metabolic acidosis and base deficit 
Metabolic acidosis is common in patients with shock. 
Adverse effects of a decrease in pH with particular 
importance in shock patients include: 
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* Decreased cardiac contractility and heart rate; 
dysrhythmias 

* Arteriolar dilation and venoconstriction 

* Increase in rate and depth of respiration 
(Kussmaul respiration) 

* Renal sodium and potassium wasting. 


Base deficit is calculated from the blood gas and 
is an approximation of global tissue acidosis. An in- 
creased (i.e. more negative) base deficit is commonly 
associated with increased blood lactate. Both para- 
meters, base deficit and blood lactate, address the 
same issue of tissue perfusion and therefore their nor- 
malization is an appropriate endpoint of resuscitation. 


Lactic acidosis 

Increased blood lactate concentration is significant in 
shock patients because it is a marker of decreased 
tissue perfusion, and because high levels are corre- 
lated with decreased survival. Lactate is produced by 
anaerobic glycolysis. Lactate and hydrogen ion pro- 
duction can be substantially increased in shock be- 
cause of the increase in anaerobic glycolysis and ATP 
hydrolysis. Lactic acid accumulates intracellularly and 
diffuses out of the cell into the extracellular space 
where it causes an approximately equimolar decrease 
in bicarbonate concentration. The resultant acidosis 
contributes to the metabolic acidosis that is common 
in shock. There is sometimes a poor correlation be- 
tween the presence of acidaemia and blood lactate 
concentration. Simultaneous counteracting processes 
tending to produce alkalaemia may mask the pres- 
ence of an acidaemia. Direct measurement of lactate 
in blood is the best means of detecting lactic acid- 
osis. Limitations of availability and the technical re- 
quirements of this test may make this determination 
difficult to obtain in some circumstances. 


The systemic inflammatory 
response syndrome and the multiple 
organ dysfunction syndrome 


Inflammation is, in general, a beneficial and appropri- 
ate response to injury, whether from ischaemia, trauma 
or infection. The redness, heat, swelling and pain that 
signal inflammation are caused by vasodilation, in- 
creased blood flow, increased capillary permeability 
and stimulation of nerve endings. These and many 
other changes are caused by inflammatory mediators 
that interact with cells to change cell function and inter- 
cellular communication. The inflammatory process is 
normally self-regulating and balanced between pro- 
and anti-inflammatory processes. It is essential to the 
control and eventual resolution of tissue damage. 

In combination with an appropriately severe insult, 
tachycardia, tachypnoea, hyper- or hypothermia and 
leucocytosis or leucopenia indicate the presence of 
systemic inflammation. This may be an entirely 
appropriate response and one that is essential to 
control and resolve the injury. However, if inflamma- 
tion becomes excessive, or if the balance between 
pro- and anti-inflammatory processes is lost, cells 
distant from the original site can be damaged. 
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Systemic inflammation becomes an amplifying 
cascade that interferes with the function of various 
organs, potentially causing their failure. In these 
circumstances, instead of being the solution, inflam- 
mation has become the problem. The same changes 
that would benefit damaged tissue can, when poorly 
regulated, cause microvascular injury, cardiac dys- 
function, hypotension and shock. Organs distant 
from the site of original injury then fail — a syndrome 
that has been named the multiple organ dysfunction 
syndrome (MODS). 

Attempts have been made to define types of sys- 
temic inflammation with and without infection. The goal 
is to recognize the progression of systemic inflamma- 
tion to multiple organ dysfunction, and to allow group- 
ing of patients with similar disease so as to evaluate 
various therapies. An abbreviated version of those 
definitions is: 


* Systemic inflammatory response syndrome 
(SIRS) — the systemic inflammatory response 
to a severe insult, represented in the patient 
by two or more of the following: tachycardia, 
tachypnoea, hyper- or hypothermia, leucocytosis 
or leucopenia 

* Sepsis — SIRS with evidence of infection 

* Severe sepsis — sepsis with evidence of organ 
dysfunction and evidence of hypoperfusion that 
responds to intravascular volume loading 

* Septic shock — severe sepsis that requires both 
intravascular volume loading and the use of 
inotropes to restore tissue perfusion 

* Non-infectious SIRS — progresses through 
similar stages to those described above and 
may be termed severe SIRS or sterile shock. 


The clinician concerned with the management of 
individual patients already recognizes that the sickest 
patients are the most likely to die. These definitions 
do not necessarily contribute additional information. 
However, the concept of the systemic inflammatory 
response is important in explaining how any severe 
insult can lead to an amplifying and dysregulated cas- 
cade of tissue-damaging events that eventually leads 
to failure of multiple organs and death. 


Mediators of inflammation 

The inflammatory cascade is a mediator-driven, com- 
plex, overlapping system with a high degree of redun- 
dancy. An inflammatory mediator may induce a cell to: 


Elaborate a receptor 
Shed a receptor 

Secrete a mediator 
Adhere to another cell 
Release an enzyme 
Enhance its usual function 
Perform a new function. 


Some mediators induce mostly pro-inflammatory 
activities, others mostly anti-inflammatory activities. 
Some mediators may elicit different effects at different 
times, stimulating or suppressing the same cell depend- 
ing on circumstances. This effect has been likened to 


that of a toggle switch. Mediators may suppress, stimu- 
late, or have no effect on their own production or on 
that of other mediators. Cells once stimulated to pro- 
duce inflammatory mediators may respond to a sec- 
ond insult with much greater production of these 
mediators. It is beyond the scope of this chapter to dis- 
cuss any but a few representative examples of inflam- 
matory mediators. The reader is referred to the list of 
references at the end of this chapter for a more com- 
plete discussion of the inflammatory process. 


Cytokines 

Cytokines are polypeptides produced by macrophages 
and many other cells in response to cell injury. Tumour 
necrosis factor (TNF) and interleukin 1 are major pro- 
inflammatory cytokines that promote cellular prolifera- 
tion, endothelial adhesion, vascular permeability and 
intravascular coagulation, as well as producing clini- 
cal signs of anorexia, hypotension and fever. Other 
members of the large family of interleukins, such as 
interleukin 10, have anti-inflammatory activity. An im- 
portant effect of cytokines is their ability to induce 
activity of other inflammatory mediators, such as 
eicosanoids and nitric oxide. 


Eicosanoids 

Prostaglandins, thromboxanes and leucotrienes are 
produced by the metabolism of arachidonic acid. 
Thromboxanes produce hypotension but increase 
pulmonary vascular resistance. Some prostaglandins 
are required for maintenance of normal vascular tone 
and the anti-thrombotic state of vascular endothelium. 
Leucotrienes decrease blood pressure and increase 
vascular permeability. Understanding the widespread 
effects of eicosanoids is important in making thera- 
peutic decisions. For example, non-steroidal anti- 
inflammatory drugs (NSAIDs) decrease production of 
prostaglandins and can adversely alter renal blood 
flow and gastric mucosal integrity. 


Kinins 

Bradykinin is a peptide mediator that promotes nitric 
oxide-induced hypotension. It also causes a change 
in shape of vascular endothelial cells and increases 
vascular permeability. These changes are prominent 
in anaphylaxis. 


Complement 
The products of the complement cascade increase 
vascular permeability and decrease systemic vascu- 
lar resistance. 


Other mediators 

Platelet-activating factor increases platelet and neu- 
trophil aggregation. Interferon activates B cells, 
neutrophils and macrophages. Transforming growth 
factor promotes cell repair. 


Adhesion molecules 

Intercellular adhesion molecules (ICAM), integrins and 
selectins mediate the adhesion of endothelial cells and 
leucocytes. They are important in the delivery of leuco- 
cytes to areas of inflammation. However, they can also 
promote inappropriate aggregation of leucocytes and 
cause microvascular obstruction. 
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Nitric oxide 

Nitric oxide (NO) is a gas produced by vascular endo- 
thelium and is the final mediator of vasodilation and 
a regulator of normal vasomotor tone. It also inhibits 
platelet aggregation and contributes to the normal anti- 
thrombotic property of vascular endothelium. Normally, 
NO is produced in pulses. Inflammation induces con- 
tinuous production of large amounts of NO, which can 
cause excessive vasodilation and vascular hypo- 
reactivity to vasoconstrictors. 


Multiple organ dysfunction syndrome 

When inflammation becomes systemic, organs, tissues 
and systems distant from the site of the original insult 
can be damaged. This is the syndrome of multiple 
organ dysfunction and has been recently reviewed 
(Johnson et al., 2004). Organs commonly involved in- 
clude the vascular endothelium, lungs, kidney, heart, 
liver and the blood clotting system. The number of 
organs that are malfunctioning is inversely correlated 
with survival in critically ill patients. Prevention, when 
possible, is preferred over waiting until dysfunction is 
evident and then attempting to revive a failing organ. 
Following are three representative examples of organ 
failure caused by ischaemia and systemic inflamma- 
tion. Specific management of these and other organ 
failure syndromes common in emergency patients is 
discussed in more detail in other sections of this text. 


Acute lung injury and acute respiratory distress 
syndrome 

Acute lung injury (ALI) is the clinical state of impair- 
ment of pulmonary gas exchange that follows acute 
injury to the alveolar capillary membrane. In its most 
severe form, it is called the acute respiratory distress 
syndrome (ARDS). The pathophysiology of ALI/ARDS 
is inflammatory mediator-related damage to the cap- 
illary membrane that allows exudation of fluid from 
the vascular space and its accumulation in the alveoli. 
Clinical indications that ARDS is occurring include: 


* Thoracic radiographs showing bilaterally 
symmetrical alveolar filling without evidence of 
left heart failure 

* P,O,/FO, ratio of <200, where FO, is the 
fractional concentration of oxygen in inspired gas. 


Shock is a major risk factor for the development of 
ALI. Treatment of the shock state and any underlying 
cause of shock are of primary importance in the pre- 
vention of ALI. 


Acute renal failure 

Acute renal failure in shock may be caused by ischae- 
mia secondary to decreased renal perfusion (prerenal) 
or by mediator-related damage to renal cells. Drugs 
that impair renal perfusion also contribute to renal fail- 
ure. Catecholamines and NSAIDs are commonly im- 
plicated. Adrenaline, particularly in high doses, can 
cause profound renal vasoconstriction. NSAIDs re- 
duce the synthesis of renal vasodilatory prosta- 
glandins. Prevention of acute renal failure by prompt 
restoration of renal perfusion is of paramount impor- 
tance. Urine output is a measure of kidney perfusion 
and should be closely monitored in all shock patients. 
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Disseminated intravascular coagulopathy 

The normal anti-thrombotic properties of vascular 
endothelium can be severely impaired by the actions 
of inflammatory mediators released in shock, especially 
in septic shock. The mechanisms of haemostatic dys- 
function have been recently reviewed (Hopper and 
Bateman, 2005). Inappropriate and widespread acti- 
vation of the coagulation cascade results in the forma- 
tion of microthrombi that obstruct blood flow and further 
compromise tissue perfusion. Consumption of plate- 
lets and coagulation factors can lead to bleeding. Dis- 
seminated intravascular coagulopathy (DIC) is always 
secondary to a primary disease and is common in 
shock patients. Prompt restoration and maintenance 
of adequate tissue perfusion and treatment of the under- 
lying cause are the best preventive measures. 


Treatment of shock 


General considerations 

The best outcome is achieved by the application of a 
therapeutic plan that addresses all aspects of the dis- 
ease. Treatment is directed toward the underlying 
cause, as well as the multi-system consequences of 
the initiating event. In critically ill patients such as 
shock patients, there are no unimportant problems. 
Therapy must be directed toward all aspects of the 
disease, but must be prioritized to manage the most 
life-threatening aspects first. If the patient is not breath- 
ing or the heart is not beating effectively, cardiopul- 
monary cerebral resuscitation is the first priority (see 
Chapter 20). If the patient is in shock, but also has 
life-threatening breathing or airway problems, man- 
agement of the respiratory emergency takes prec- 
edence over intravascular volume restoration (see 
Chapter 7). Pre-existing problems, especially cardiac 
disease, may limit the clinician's ability to use volume 
restoration to improve tissue perfusion. Once initial 
resuscitation has been achieved, ongoing manage- 
ment and careful monitoring should continue. 


Special considerations 


Cardiogenic shock 

Treatment of cardiogenic shock is directed toward 
improving myocardial contractility, reducing afterload 
and/or preload and controlling serious dysrhythmias 
(see Chapter 6). In some patients, heart disease may 
not be the primary cause of shock, but may compro- 
mise the effectiveness of the heart as a pump and 
limit the application of volume restoration therapy. This 
is always a concern when using fluid therapy for shock, 
because the pre-existing status of the heart is usually 
not known. However, most dogs and cats presented 
in shock do not have serious pre-existing heart dis- 
ease and intravascular volume restoration is the first 
treatment unless there are specific indications (heart 
murmur, abnormal lung auscultation, history compat- 
ible with chronic cardiac disease) that the patient will 
be volume intolerant. Careful continuous monitoring 
of cardiovascular and pulmonary status and appro- 
priate adjustment of therapy are fundamental for all 
shock patients. 
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Hypovolaemic, traumatic and distributive shock 

Treatment of the underlying cause of these types of 
shock, while beyond the scope of this chapter, is es- 
sential to the long-term outcome and, especially re- 
garding control of bleeding, essential to the short-term 
outcome as well. Resuscitation from these types of 
shock is primarily directed toward volume restoration. 


Endpoints of resuscitation 
The goal of shock therapy is to restore tissue perfusion 
by increasing intravascular volume and consequently 
increasing venous return, stroke volume, cardiac out- 
put and delivery of oxygen and other nutrients to cells 
(see Figure 3.3). Therefore, therapeutic goals 
(endpoints) of resuscitation should be readily avail- 
able observations or measurements that are relevant 
to tissue perfusion. An ideal endpoint would be a para- 
meter that unequivocally reflected tissue perfusion at 
every level, was perfectly correlated with outcome and 
could be easily measured in the clinical setting. Such 
an endpoint has not yet been identified. Although not 
perfect, the following parameters related to cardio- 
vascular status and tissue perfusion are useful. 
Clinical signs related to intravascular volume and 
vasomotor tone (see Figure 3.2): 


Mental state 

Mucous membrane colour 
Capillary refill time 

Heart rate 

Pulse quality 

Extremity temperature. 


Parameters related to tissue perfusion: 


* Blood lactate 
* Urine output 
* Base deficit. 


There are limits to these parameters, since they 
are global measurements and can represent a sum 
of opposing processes. Adequate tissue perfusion at 
every level may not be achieved even if these global 
endpoints are met. However, these appear to be the 
best endpoints available at the current level of know- 
ledge. Other cardiovascular parameters, such as 
central venous pressure and arterial blood pressure, 
can also be used as endpoints. 

Although not a specific endpoint of resuscitation, 
treatment of the underlying cause of shock is an es- 
sential goal of therapy. Outcome is closely related to 
the ability of treatment to restore all tissues to normal. 


Supranormal oxygen delivery 

Some have proposed that one important goal of 
therapy should be to achieve supranormal oxygen 
delivery. The justification for this approach is that dur- 
ing the period of shock an oxygen debt accrued, due 
to mismatch between oxygen delivery and oxygen 
demand. A period of supranormal oxygen delivery is 
a means of correcting this debt. This approach re- 
sulted in improved survival in some groups of criti- 
cally ill patients. A meta-analysis of seven studies in 
this area concluded that there was insufficient evi- 
dence to recommend this strategy in a group of 


unselected patients (Heyland ef a/., 1996). Overall, it 
appears that survival may be improved in some groups 
of patients if supranormal oxygen delivery is achieved 
by optimizing vascular volume, but not if persistent 
use of vasopressors is required to achieve this goal. 


Gastric intramucosal pH 

The perfusion of gut mucosa is likely to be decreased 
in shock, and decreased splanchnic perfusion often 
persists after apparently adequate resuscitation to 
global endpoints. Because gut intramucosal pH (pHi) 
falls below normal when perfusion is inadequate, a 
decreased pHi is a potentially valuable tissue-specific 
marker for perfusion. Published reports have shown 
variable correlation between pHi (measured by tono- 
metry) and other measures of tissue perfusion. Anec- 
dotal reports indicate that the technique can be 
moderately difficult to implement in clinical patients. 
pHi is not commonly measured in veterinary patients 
at this time. 


Endpoints in uncontrolled abdominal bleeding 
due to trauma 

In the special circumstance of uncontrolled abdominal 
bleeding secondary to penetrating trauma, a delay in 
volume restoration until bleeding is controlled has been 
proposed (Bickell et al., 1994). This approach should 
be used with caution if control of abdominal haemor- 
rhage cannot be achieved in a short time (less than 
1 hour). While a decrease in hydrostatic pressure 
may decrease blood loss, failure to restore tissue 
perfusion can damage cells and lead to organ failure 
and death. Moderate resuscitation (rather than no 
resuscitation) has been recommended (Smail et al., 
1998) and is probably the best choice in these patients. 


Fluid therapy 

Appropriate fluids for resuscitation of shock are iso- 
tonic, or nearly isotonic, crystalloids (Na* 130-154 
mmol/l) with or without the addition of colloids or hyper- 
tonic saline (see Chapter 4). If improvement in the 
endpoints of resuscitation is not achieved at the end 
of the initial fluid bolus, a repeat bolus of the same 
amount should be considered. If isotonic crystalloids 
are used, a decrease in vascular volume is expected 
following initial resuscitation, as redistribution occurs 
across the extracellular space. With colloids, a more 
steady state of vascular volume expansion is ex- 
pected. Hypertonic saline has only a transitory effect 
and follow-up therapy with isotonic crystalloid or col- 
loid is usually necessary. 


Blood transfusion 

Oxygen content and delivery of oxygen to tissues 
cannot be maintained without adequate haemoglobin 
concentration. The minimum acceptable packed cell 
volume (PCV) in shock patients has not been estab- 
lished. If there is no evidence to the contrary, it is saf- 
est to assume that the patient is not well adapted to 
anaemia, and the PCV should be maintained above 
18% in cats and above 25% in dogs. It is desirable to 
administer blood slowly over several hours but a rapid 
infusion may be needed in unstable patients. The 
blood transfusion can be administered simultaneously 
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with other fluids, if they are needed to support vascu- 
lar volume. Blood product use is discussed further in 
Chapter 14. 


The transition plan 

When the initial endpoints of resuscitation have been 
achieved, these parameters may thereafter oscillate 
within a range of normal, or deteriorate. Initial suc- 
cess in resuscitation cannot be assumed to be a com- 
plete resolution of the problem of shock. Tissue 
perfusion must not only be restored, it must be main- 
tained. Often the initial resuscitation plan, or a modifi- 
cation of it, must be repeated several times before 
the patient's condition is stabilized. Close monitoring 
provides for early detection of deterioration of 
endpoints, so that therapeutic interventions can be 
made in a timely manner. 


Treatment of metabolic acidosis in shock 
patients 

Metabolic acidosis in shock patients is primarily due 
to decreased tissue perfusion and is best corrected 
by directing therapy toward restoration of blood flow 
to all tissues. Bicarbonate therapy may also be used, 
especially if acidaemia is severe (see Chapter 5). 
When oxygen delivery is restored, the liver can meta- 
bolise lactate. A high blood lactate level, which per- 
sists after apparently adequate resuscitation, suggests 
that tissue perfusion has not been restored. This is a 
legitimate indicator of a poor prognosis in a shock 
patient. Blood lactate levels should begin to decline 
within 15-30 minutes after successful resuscitation. 


Urine output 

Since renal vasoconstriction (and decreased urine 
output) is an appropriate response to hypovolaemia, 
sufficient preload must be established before the ad- 
equacy of urine output can be evaluated. A central 
venous pressure of about 10 cmH.O, mean arterial 
blood pressure >80 mmHg, and absence of periph- 
eral vasoconstriction indicate that preload is adequate. 
Under these conditions, and in the absence of any 
other source of fluid losses, urine output should be 
only slightly less than fluid input. 

Because urine output is such a good indicator of 
perfusion of a local, and vital, tissue bed (the kidney), 
the establishment of adequate urine output is an 
excellent endpoint of resuscitation. Therefore, urine 
output should be closely monitored in all shock 
patients. Aurinary catheter and closed collection sys- 
tem should be considered if clinically indicated. 


Vasoactive therapy 

The goal of fluid therapy in shock is to support ad- 
equate tissue perfusion without the need for vaso- 
active therapy. Pulse quality, or amplitude of the pulse, 
is related to stroke volume and is not well correlated 
with arterial blood pressure. Therefore, blood pressure 
cannot be reliably estimated from digital palpation of 
a peripheral artery. In shock patients, vasoactive drugs 
are usually not administered unless significant hypo- 
tension, determined by direct or indirect blood pres- 
sure measurement, persists after adequate volume 
resuscitation. If such drugs are needed, an agent that 
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causes minimal peripheral vasoconstriction such as 
dobutamine (5-15 ug/kg/min) or dopamine (3-10 
ug/kg/min) should be used, monitoring the effect with 
frequent or continuous blood pressure measurement. 


Anaphylactic shock 

In addition to fluid therapy, treatment with adrenaline 
is of proven efficacy in anaphylactic shock. For life- 
threatening reactions, adrenaline should be given 
intravenously (0.01—0.02 mg/kg). 


Antibiotic therapy 

Specific indications for antibiotics in shock patients in- 
clude direct evidence of a bacterial infection, such as 
sepsis and septic shock, or penetrating trauma. Often 
the clinician simply has a concern that infection, espe- 
cially of gut origin, might develop. One of the most 
important barriers to bacterial translocation from the 
gut to the systemic circulation is the presence of 
facultative anaerobes on the mucosal surface. These 
are quite susceptible to antibiotics and their destruc- 
tion has been shown to promote bacterial transloca- 
tion. Because of this effect, antibiotics administered 
for prophylaxis may increase bacterial translocation, 
possibly predisposing a patient to infection. 

Even in the absence of known infection, intraven- 
ous broad-spectrum antibiotic therapy is indicated in 
shock patients who are febrile, have bloody diarrhoea, 
or have substantially increased or decreased neu- 
trophil counts. The risks and benefits of antibiotic 
therapy, in the absence of known infection, are very 
difficult to define in this patient group. 


Prevention of reperfusion injury 

The univalent reduction of oxygen forms reactive oxy- 
gen intermediates (ROI) such as superoxide ion, 
hydrogen peroxide and the hydroxyl radical. Under 
ischaemic conditions, cells accumulate abnormal con- 
centrations of cytosolic calcium and iron. This provides 
a source of substrate for the generation of superoxide 
and hydroxyl radicals when cells are reperfused. The 
significance of these reactive oxygen intermediates is 
their reactivity. They damage cell membranes, proteins 
and nucleic acids. Scavengers of oxygen radicals 
include mannitol, dimethylsulphoxide (DMSO), super- 
oxide dismutase (SOD), vitamin E and 21-amino- 
steroids. Other treatments include inhibitors of oxygen 
radical production such as allopurinol (inhibits xanthine 
oxidase). Ischaemia—reperfusion injury has been re- 
cently reviewed (McMichael and Moore, 2004). 


Immunoregulatory and mediator-directed 
therapy 


Corticosteroids 

Corticosteroids have been extensively studied as 
therapy for septic shock. Studies in experimental ani- 
mal models where corticosteroids were given before 
the shock state was induced yielded encouraging re- 
sults. However, the clinical application of this research 
data has been disappointing, to say the least. Sev- 
eral randomized controlled clinical trials in human 
patients have been published. A meta-analysis of 
these trials (Cronin et a/., 1995) concluded that there 
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was no benefit to the administration of a short course 
of steroids (<48 hours) in septic patients. Moreover, 
there was a trend toward increasing mortality in some 
treated patients. Interest in the use of steroids in sep- 
tic patients continues. Studies have addressed the 
dose and timing of administration (low dose, constant 
rate infusion over 5-10 days) as key issues in finding 
a place for these agents in the treatment of sepsis 
and septic shock (Bollaert ef a/., 1998). 

Current studies are addressing the possible use- 
fulness of corticosteroids in veterinary patients with 
septic shock accompanied by temporary adrenal in- 
sufficiency. In this subset of patients, replacement with 
physiological doses of corticosteroids may prove to 
be beneficial (Martin and Groman, 2004). In contrast 
to those patients with temporary hypoadrenocorticism, 
in other cases tumour necrosis factor and interleukins, 
generated as part of the inflammatory response in 
shock, activate the hypothalamic—pituitary—adrenal 
(HPA) axis and can cause an increased production of 
corticosteroids. In spite of the increased endogenous 
levels of corticosteroids, their effect at the cellular level 
may be diminished by receptor resistance and de- 
creased extraction from the blood. 

Corticosteroids are the most important modulator 
of the host defence response. At the current level of 
understanding, we do not know enough about the use 
of these potent agents in shock patients. Cortico- 
steroids suppress arachidonic acid metabolism and 
reduce the production of prostaglandins, thromboxane 
and leucotrienes. Adverse effects of corticosteroids 
include gastrointestinal ulceration and increased risk 
of infection. Both are major concerns in shock patients. 
The risk:benefit ratio of these drugs therefore cannot 
be properly identified without more information. In the 
absence of adequate data, advice about whether or 
not to use these drugs is mostly a matter of how each 
Clinician interprets the scientific data. With the excep- 
tion of using them to counteract a severe allergic re- 
action in anaphylactic shock, the author's preference 
is not to use corticosteroids in shock patients. 


Mediator-directed therapy 

Therapy directed against many of the inflammatory 
mediators induced by shock states has been studied 
extensively. The results of clinical trials have been 
disappointing in that no improvement in survival has 
been demonstrated when these agents are used. The 
clinical failures were most likely due to a combination 
of factors, including: 


* Interference with the balance between pro- and 
anti-inflammatory cytokines 

* Selection of patients with heterogeneous 
disease processes 

* Inappropriate endpoint selection (survival may 
not be the best endpoint for certain therapies) 

+ Improper dose, route or timing of administration. 


A commentary (Vincent, 1998) and two scientific 
reports (Abraham et al., 1998; van Dissel et al., 1998) 
illustrate some of the work and challenges in this area 
of research. Inflammatory mediators cause a wide 
variety of changes in cell function that are only crudely 


represented by clinical signs. The inflammatory pro- 
cess and its interconnection with haemostasis is com- 
plex, highly integrated and, at present, incompletely 
understood. It contains both pro- and anti-inflammatory 
processes, both of which, when properly regulated, are 
essential to eventual recovery. Due to our incomplete 
knowledge in this area, it is not possible to determine 
the need of an individual for external regulation of the 
inflammatory response. Therefore, it is also not possi- 
ble to predict whether mediator-directed therapy will 
be helpful or injurious. It is even possible in individual 
patients that specific therapies might prove to be help- 
ful at one point in time, and detrimental at another. New 
therapies, especially for sepsis and septic shock, are 
under study (Bernard et al., 2001; Fink, 2003). 
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Fluid therapy 


Amanda Boag and Dez Hughes 


Introduction 


Fluid therapy is part of the treatment plan in most 
critically ill animals. In some patients fluid therapy 
is used acutely to treat absolute or relative intra- 
vascular volume deficits over a period of minutes to 
hours. Alternatively, fluid therapy may be used on a 
more chronic basis, during treatment of the haemo- 
dynamically stable patient, to re-establish and 
maintain normal water, electrolyte and acid—base 
balance over a period of several days. The precise 
type, rate and total volume of fluid to be adminis- 
tered for optimal management of a patient can be 
difficult to determine, especially at the beginning of 
treatment, and fluid therapy plans may need to be 
altered depending on the patient's response and the 
progression of their disease. Unfortunately there 
are no ‘recipes’ that can be followed that will guar- 
antee a successful outcome. Good fluid management 
comes from understanding why the patient requires 
fluid therapy, and considering both the goals of fluid 
administration in that patient and the advantages 
and disadvantages of the different fluid types in 
achieving those goals. In assessing the fluid therapy 
requirements of an animal, it is extremely important 
to separate those patients requiring life-saving intra- 
vascular volume expansion from those requiring 
a more gradual correction, or maintenance, of fluid 
and electrolyte balance. Central to this goal is an 
appreciation of the difference between hypoperfusion 
and dehydration. 

Hypoperfusion refers to a local or generalized 
deficit in tissue blood flow, which results in inade- 
quate oxygen and nutrient delivery and failure to 
remove metabolic by-products from the tissues. Glo- 
bal hypoperfusion can occur due to hypovolaemia 
(a reduction in the effective circulating intravascular 
volume), reduced cardiac function or the maldis- 
tribution of blood flow seen in the systemic inflam- 
matory response syndrome (SIRS) (see Chapter 3). 
Hypovolaemia is the most common cause of hypo- 
perfusion. Most animals with SIRS and some ani- 
mals with cardiogenic shock also have concurrent 
reductions in effective circulating intravascular vol- 
ume. Common causes of hypovolaemia include: 
haemorrhage; extracellular fluid losses in excess of 
fluid and solute intake, such as vomiting, diarrhoea 
and polyuria; and internal losses of plasma volume 
due to exudation or transudation of fluid from the 
intravascular space (‘third spacing’). 
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Dehydration is strictly defined as a net reduction 
in the free water content of the body; however, in 
veterinary patients the term is most often used to 
refer to combined water and solute loss in excess 
of intake. Dehydration may ultimately lead to hypo- 
volaemia and hypoperfusion depending upon the 
volume and nature of the fluid which is lost; how- 
ever, the terms are not synonymous. 

Both perfusion and hydration abnormalities are 
initially evaluated using the physical examination. Un- 
fortunately, the parameters used for assessment of 
hydration status (moisture of the mucous membranes, 
skin turgor, presence or absence of retraction of the 
globe) are often combined with those used to assess 
perfusion (heart rate, pulse quality, mucous membrane 
colour and capillary refill time). This combination 
of hydration and perfusion parameters has com- 
pounded the confusion between the terms and should 
be avoided. 

To illustrate the difference, consider a dog hit by a 
car 1 hour previously, which has suffered a fractured 
spleen and bled half of its blood volume into its peri- 
toneal cavity. This animal would have no net change 
in the water content of its body and no physical ex- 
amination findings suggestive of dehydration; how- 
ever, it would be severely hypovolaemic. In contrast, 
the geriatric cat with anorexia, hypodipsia and chronic 
renal failure, with prolonged net water loss in excess 
of intake, may be severely dehydrated but often has 
surprisingly good perfusion status. The former animal 
would require rapid intravascular volume replacement 
to re-expand effective blood volume and thereby pre- 
serve perfusion to the major body systems. In the lat- 
ter animal, in which perfusion of major organs is 
adequate, more conservative fluid therapy would be 
appropriate with a goal of re-establishing normal fluid 
and electrolyte balance over 24—48 hours. A clear 
understanding of the distinction between dehydration 
and hypovolaemia and the clinical assessment of 
both conditions is therefore necessary to ensure 
appropriate fluid therapy. 


Extracellular fluid homeostasis 


To understand the choice of intravenous fluids, it 
is necessary to appreciate how fluids are normally 
distributed within the body and the factors that 
control movement of fluid between different com- 
partments. Three major fluid compartments make 


up the total body water: the intracellular fluid; the 
interstitial fluid between cells; and the intravascular 
fluid (Figure 4.1). Together the intravascular and 
interstitial fluids comprise the extracellular fluid 
compartment. Total body water is approximately 60% 
of total body weight; however, this may vary depend- 
ing upon such factors as the species, age of the 
animal and the body composition (mainly the fat 
content). Movement of fluid between compartments 
depends upon the permeability of the relevant 
barrier and the concentration of molecules contained 
within each compartment. For example, the capil- 
lary membrane is freely permeable to water and elec- 
trolytes, whereas the cell membrane is only freely 
permeable to water. Movement of water across the 
cell membrane depends upon the relative concen- 
tration of solute molecules within cells compared to 
the concentration around the cell. Net movement of 
water will occur by osmosis into an area with a higher 
concentration of solute molecules. 


Body fluid Intracellular 
compartments (40%) 


LN 


Interstitial 
(15%) 


ACIO 


Extracellular (intravascular 
+ interstitial) (20%) 


E Major fluid compartments of the body. 
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Maintenance of intravascular volume — 
colloid osmotic pressure 

Capillaries are freely permeable to water and small 
solutes, and are relatively (but not completely) im- 
permeable to macromolecules. This means that a 
protein concentration gradient exists from the vas- 
culature to the interstitium. The higher concentration 
of impermeant solutes within the capillaries exerts 
an osmotic pressure (termed the capillary colloid 
osmotic pressure (COP)) which acts to retain fluid. 
Fluid exchange between the vasculature and the 
interstitium is governed by the balance between 
hydrostatic and osmotic pressure gradients through- 
out the intravascular compartment and the inter- 
stitium. A hydrostatic pressure gradient in excess of 
the osmotic gradient, at the arterial end of the capil- 
lary bed, results in a net transudation of fluid into 
the interstitium. At the venous end of the capillary 
bed, plasma proteins exert an osmotic force in ex- 
cess of the hydrostatic gradient, resulting in a net 
fluid flux from the interstitium into the vessels. Al- 
though the microvascular barrier greatly restricts 
macromolecular flux, capillaries are slightly perme- 
able to protein. Of the total quantity of albumin 
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present in the body, 40% is intravascular and 60% is 
extravascular. Furthermore, all of the albumin present 
in plasma circulates through the interstitium every 
24 hours. The microvascular barrier of skeletal mus- 
cle or subcutaneous tissue is relatively impermeable 
to protein, whereas the pulmonary capillary endo- 
thelium is more permeable. Different plasma proteins 
or artificial colloid molecules will differ in their rate of 
efflux from a vessel depending upon such factors as 
their molecular radius, shape and charge. For exam- 
ple, smaller plasma proteins, such as albumin, can 
pass through with less impedance than larger plasma 
proteins. In healthy animals, the hydrostatic and 
osmotic pressure gradients governing transvascular 
fluid flux and the permeability of the microvascular 
barrier can vary between different tissues and at 
different levels of the capillary bed within the same 
tissue; these may vary even further with different 
disease states. 

By virtue of its relatively high concentration in the 
vascular space, albumin usually accounts for 60-70% 
of the plasma COP, with globulins making up the re- 
mainder. Variations in COP in healthy dogs are due to 
differences in globulin concentration rather than albu- 
min. Albumin synthesis, which is unique to the liver, is 
regulated by the hepatic plasma COP. Equations have 
been calculated to estimate plasma COP from plasma 
protein concentrations; however, direct measurement, 
using a colloid osmometer, is more accurate. Normal 
COP in dogs is approximately 16-24 mmHg. 

Excess fluid in the interstitium (oedema) can have 
detrimental consequences, the exact nature of which 
depends on the anatomical site. Three major mecha- 
nisms guard against interstitial fluid accumulation. 
First, extravasation of fluid into a relatively non- 
distensible interstitium results in an increased inter- 
stitial pressure which thereby opposes further extra- 
vasation. Second, following extravasation of 
low-protein fluid, the interstitial COP falls due to dilu- 
tion and washout of protein, thereby maintaining the 
COP gradient between the intravascular space and 
the interstitium. Third, because the interstitium is not 
compliant, increased interstitial fluid results in an in- 
creased driving pressure for lymphatic drainage. 
These alterations in Starling forces which act to limit 
interstitial fluid accumulation have been termed the 
‘tissue safety factors’. Their relative importance var- 
ies depending upon the characteristics of the tissue. In 
a relatively non-distensible tissue such as tendon, a 
rise in interstitial pressure may be the most important 
means by which to counteract filtration. In a tissue with 
moderate distensibility and a relatively impermeable 
microvascular barrier, such as skin, the fall in inter- 
stitial COP assumes more importance in protecting 
against interstitial fluid accumulation. In a distensible 
tissue that is quite permeable to protein, such as the 
lung, increased lymph flow appears to be the most 
important safeguard against interstitial oedema. 

Because of this marked heterogeneity in Starling 
forces and transvascular fluid dynamics between tis- 
sues, it is a potentially dangerous oversimplification 
to view the body as the homogenous sum of its indi- 
vidual parts. A great deal of emphasis has been placed 
on the manipulation of individual Starling forces in 
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isolation, such as the intravascular COP with the use 
of colloid fluids, rather than addressing the system in 
its entirety. The effects of this manipulation on differ- 
ent tissues and organ systems should be carefully con- 
sidered, especially if microvascular permeability is 
likely to be increased. If the increase in microvascu- 
lar permeability is sufficient to allow significant extra- 
vasation of colloid, then administration of colloid may 
not be an effective way of increasing intravascular 
COP. If a COP gradient cannot be maintained between 
the intravascular and interstitial spaces then the cap- 
illary hydrostatic pressure becomes the major deter- 
minant of fluid extravasation. Smaller rises in capillary 
hydrostatic pressure will result in much greater fluid 
extravasation than when the endothelium remains in- 
tact. From a clinical standpoint, the differences be- 
tween transvascular fluid flux in the lungs compared 
to the systemic circulation are the most important. 


Control of extracellular volume and 
concentration 

Extracellular fluid homeostasis in the normal animal 
is controlled by two distinct, but intertwined, feedback 
loops. One system acts to maintain the concentra- 
tion, or osmolality, of the body and one regulates the 
volume of the extracellular fluid. No distinction is made 
between intravascular fluid and interstitial fluid be- 
cause the capillary membrane is extremely perme- 
able to water and small solutes. 

Osmolality is controlled by hypothalamic osmo- 
receptors that stimulate thirst and the release of anti- 
diuretic hormone (ADH) from the neurohypophysis. If 
net water loss from the body exceeds net water gain, 
plasma osmolality will rise and hypothalamic osmo- 
receptors then stimulate thirst and release of ADH. 
The augmented water intake and increased reabsorp- 
tion of water by the kidney combine to decrease 
plasma osmolality towards normal. Fluctuations in 
plasma osmolality necessary to stimulate thirst and 
ADH release are very small (approximately 4 mOsm/ 
kg in the dog, i.e. an increase in plasma sodium con- 
centration of only 2 mmol/l). 

Extracellular volume is primarily dependent upon 
total body sodium content controlled by the renin— 
angiotensin—aldosterone system and modulated by 
the natriuretic peptides. Sympathetic discharge and 
decrease in stretch of renal afferent arterioles stimu- 
late renin release from the juxtaglomerular cells. Renin 
activates angiotensinogen to angiotensin | which is 
then converted to angiotensin Il. Sodium and water 
reabsorption is increased by angiotensin II in the proxi- 
mal tubule and angiotensin |l-mediated aldosterone 
release promotes distal tubular sodium reabsorption. 

The feedback loops controlling extracellular vol- 
ume and osmolality overlap as they can both cause 
ADH release and thirst. The latter is mediated, at least 
in part, by angiotensin II. During hypovolaemia, the 
renin—angiotensin—aldosterone system, ADH and 
thirst act to increase retention of sodium and water 
and to expand extracellular volume. In summary, the 
concentration of the extracellular fluid is controlled 
primarily via modulation of water balance, whereas 
the volume of the extracellular fluid is regulated by 
changes in sodium and water balance. 
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Maintenance of arterial blood pressure 
With acute or severe reductions in effective circulating 
blood volume, the body reacts to maintain arterial blood 
pressure and effective circulating blood volume to the 
heart, lungs and brain. With mild to moderate degrees 
of hypovolaemia, baroreceptor reflexes initiate sympa- 
thetic discharge, causing an increase in heart rate and 
cardiac contractility and, to a lesser degree, vasocon- 
striction. This is the so-called ‘compensatory’ or ‘hyper- 
dynamic’ phase of hypovolaemia, when mean arterial 
blood pressure is maintained. After moderate reduc- 
tions in blood volume, cardiac compensatory mecha- 
nisms are insufficient but vasoconstriction in the 
peripheral and splanchnic circulation increases to main- 
tain arterial blood pressure; although there is partial 
compensation with maintenance of blood flow to vital 
organs, this stage of moderate hypovolaemia is asso- 
ciated with poor perfusion to some organs notably the 
gastrointestinal (Gl) tract. Ultimately after severe re- 
ductions in blood volume, despite a maximum response 
from counter-regulatory mechanisms, progressively 
falling blood volume results in a fall in arterial blood 
pressure, the so-called ‘decompensatory’ or ‘hypo- 
dynamic’ phase of hypovolaemia. 


Pathophysiology of abnormal fluid 
losses 


In anormal animal, fluid is lost in urine and faeces and 
via evaporation from the respiratory tract. Abnormal 
losses include: vomiting and diarrhoea; polyuria; in- 
creased body temperature and panting; bleeding; 
wound exudation; loss from chest or abdominal drain- 
age tubes; and loss into the interstitium or body cavi- 
ties (often called ‘third spacing’). The effect of fluid loss 
on intravascular volume depends upon the magnitude 
of the loss, and on the water shifts that occur between 
the extra- and intracellular spaces as a result of changes 
in extracellular fluid concentration. These water shifts 
depend upon the tonicity (concentration) of the extra- 
cellular fluid lost relative to the intracellular fluid. 

Loss of pure water or hypotonic fluid causes the 
extracellular fluid to become more concentrated com- 
pared to the intracellular space. Water moves out of 
cells thereby supporting extracellular (and therefore 
intravascular) volume (Figure 4.2). This type of fluid 
loss is uncommon but occurs for example in animals 
that produce large volumes of hyposthenuric urine be- 
cause of diabetes insipidus. The fluid loss is distrib- 
uted over the total body water and intravascular 
depletion is a small proportion of the total loss. With 
loss of isotonic fluid (for example, with bleeding or in 
animals with surface losses through burn or bite 
wounds) no water movements occur because there 
is no change in extracellular concentration to create 
an osmotic gradient. 

With hypertonic fluid loss, the extracellular space 
becomes hypotonic relative to the intracellular space 
and water moves into cells, exacerbating the extra- 
cellular fluid deficit and hypovolaemia (Figure 4.3). The 
very acute and severe haemoconcentration and hypo- 
volaemia seen in haemorrhagic gastroenteritis in dogs 
is an example of hypertonic fluid loss, ostensibly due 
to a secretory diarrhoea. 
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(a) Normal fluid volumes and concentration. The major extracellular cation is sodium (°) and the major 

intracellular cation is potassium (¢). Small dots represent water molecules. (b) Hypotonic fluid loss results in a 
reduced plasma volume and increased concentration of the extracellular fluid. An osmotic gradient exists which favours 
the movement of water from the intracellular to the extracellular space. (¢) Water moves out of the cells to buffer the 
reduction in extracellular fluid, thereby supporting the intravascular volume. 


(a) Normal fluid volumes and concentration. (b) Hypertonic fluid loss results in a reduced plasma volume 
and a reduced concentration of the extracellular fluid. An osmotic gradient exists which favours the 
movement of water into cells from the extracellular space. (e) Water movement into the cells exacerbates the 


reduction in intravascular volume. 


To illustrate the effects of fluid loss on intravascular 
volume status, consider a dog with dehydration due to 
water restriction alone. Dehydration of 12% of body 
weight would imply a free water deficit of 120 ml/kg. As 
water moves freely across cell membranes, this loss 
would be shared equally between the intravascular, 
interstitial and intracellular fluid compartments. Assum- 
ing that the free water deficit is distributed between 
these compartments on the basis of their relative size 
(i.e. 1:3:8 or 5, 15 and 40% of body weight, respec- 
tively; see Figure 4.1), one twelfth of the fluid loss would 
be borne by the intravascular compartment. This would 
result in a decrease in intravascular volume of approxi- 
mately 10 ml/kg; an amount comparable to the volume 
of blood normally removed from a canine blood donor, 
usually with few or no untoward effects. Conversely, 
with loss solely from the intravascular space, i.e. haem- 
orrhage, loss of 5% of body weight (i.e. 50 ml/kg or 
more than 50% of the blood volume) would result in 
clinical signs of severe hypovolaemia. 


Approach to fluid therapy in the 
clinical patient 


The approach to fluid therapy suggested by DiBartola 
(1992) is helpful when deciding upon a fluid therapy plan. 


* Does the animal require fluid therapy? 
* What type or types of fluid should be given? 
* Which route should be used? 

* How much should be given? 


* Over what time period should it be 
administered? 
* For how long should therapy be continued? 


Careful consideration of the first question with criti- 
cal evaluation of whether the animal requires fluid 
therapy to treat hypoperfusion, to treat dehydration, 
or for maintenance purposes (or some combination 
of those three) will allow the subsequent questions to 
be answered and the fluid therapy plan to be tailored 
to that patient's needs. As hypoperfusion represents 
an imminently life-threatening situation for the patient, 
abnormalities of perfusion should a/ways be corrected 
prior to considering the longer-term fluid requirements. 


Does the animal require fluid therapy? 


Clinical assessment of perfusion status 

The perfusion status of the animal should be assessed 
using: mucous membrane colour; capillary refill time 
(CRT) and vigour; pulse profile (height and width); heart 
rate and cardiac auscultation. In uncomplicated hypo- 
volaemia in dogs, the clinical perfusion parameters tend 
to change in a relatively predictable manner (Figure 
4.4). A normal animal should have pink mucous 
membranes with a vigorous capillary refill which takes 
1-—1.75 seconds. A 2-second CRT is often prolonged in 
the setting of a veterinary clinic. Pulses (femoral and 
metatarsal) should be carefully palpated to allow as- 
sessment of both the height or amplitude (to estimate 
pulse pressure) and the width or duration of the pulse. 
Assessment of both the height and width of the pulse 
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allows estimation of pulse volume and, with careful 
palpation, a perceptive clinician can generate a men- 
tal image of the pulse profile (Figure 4.5). An aware- 
ness of the normal pulse profile facilitates a meaningful 
assessment of changes in pulse profile in sick patients. 
A normovolaemic animal which is stressed or in pain 
will have a slightly taller and narrower pulse profile than 
a resting animal. The vast majority of unstressed dogs 
have a heart rate of 80—120 beats per minute (bpm) in 
the setting of an emergency clinic. The effect of body 
size on heart rate has been somewhat overemphasized 
in the veterinary literature. 


(a) Normal pulse 


(b) Hyperdynamic 
pulse 


(c) Weak 
pulse 


E Pulse profiles from direct arterial pressure 
measurement. Assessing the height and width 
of the pulse together allows an estimation of pulse volume. 


Clinical assessment of perfusion in cats is more 
challenging. Normal heart rate in cats usually varies 
from 170-200 bpm in the veterinary clinic, although 
this probably represents a moderate tachycardia com- 
pared to resting heart rate at home. Mucous mem- 
branes in normal cats are significantly paler than in 
dogs and, although it is possible, it is much more dif- 
ficult to appreciate the pulse profile in a cat. Critically 
ill feline patients also tend to develop an inappropri- 
ate bradycardia (heart rate in the 130-150 bpm range) 
despite the presence of hypovolaemic or distributive 
shock, further complicating their assessment. 

In the compensatory stages of uncomplicated 
hypovolaemia, dogs develop a moderate tachycardia 
of 130-150 bpm. This increase in rate along with the 
reduced blood volume and increase in cardiac 
contractility produces a pulse which is narrower and 
taller than normal (Figure 4.5b). This pulse will also 
be narrower than the pulse profile of a normovolaemic 
dog with tachycardia secondary to stress/exercise or 
pain. This pulse profile is often referred to as ‘bound- 
ing’ or ‘snappy’, but these terms often serve to confuse 
rather than clarify. In compensatory hypovolaemia, 
metatarsal pulses should still be palpable. Mucous 
membranes should be pink to pinker than normal with 
a rapid CRT of less than 1 second duration. 


The increases in heart rate seen in dogs with hypo- 
volaemia are surprisingly independent of body weight, 
such that severe hypovolaemia results in a heart rate 
of 170-220 regardless of size. Heart rates in excess 
of this range should raise suspicions of a primary dys- 
rhythmia rather than a physiological sinus tachycardia 
in response to hypovolaemia. Heart sounds are often 
quiet when there is severe hypovolaemia. Mucous 
membranes have little or no red colouration (white, 
muddy or grey) and the CRT is prolonged or absent. 
Femoral pulses are extremely weak (Figure 4.5c) 
(sometimes referred to as ‘thready') and metatarsal 
pulses are not palpable. While clinically assessing 
perfusion, the findings should be continually cross- 
referenced. For example, in a recumbent patient with 
very weak femoral pulses, pale mucous membranes 
and a prolonged CRT, the heart rate should be ap- 
proximately 180-220 bpm. An inappropriately low 
heart rate should prompt a search for the underlying 
reason, such as hyperkalaemia associated with 
postrenal, renal or endocrine causes. 


Lactate 

Tissue hypoperfusion results in increased lactate pro- 
duction and decreased lactate clearance, and blood 
lactate concentration can be used to assess the 
severity of hypovolaemia. The reference value for 
plasma lactate concentration in normal dogs by di- 
rect amperometry is <2.5 mmol/l, irrespective of sam- 
ple site. A blood lactate concentration in the range of 
3-4 mmol/l constitutes a mild increase, 4-7 mmol/l 
is a moderate increase and >7 mmol/l represents a 
severe increase. Clinical experience suggests that 
lactate concentration accurately reflects the degree 
of uncomplicated hypovolaemia in dogs. Further- 
more, plasma lactate concentrations almost invari- 
ably fall with successful fluid resuscitation and can 
be used to guide fluid therapy. Failure of plasma lac- 
tate concentration to normalize following fluid resus- 
citation suggests ongoing systemic hypoperfusion or 
an occult source of lactate production. Lactate can 
also be used as a prognostic indicator. In one of the 
landmark studies in people, as lactate concentration 
increased from 2.1 to 8.0 mmol/l, survival decreased 
from 90% to 10%. Experimental evidence and clini- 
cal experience suggest that similar results will be 
obtained in canine patients. If plasma lactate con- 
centration fails to fall following an appropriate fluid 
challenge, or if a significant and sustained rise in 
plasma lactate concentration occurs, the prognosis 
for survival appears to be grave. 


Clinical assessment of hydration status 

The widely accepted method for determining hydra- 
tion status involves assessing the moisture of the gums 
and cornea, skin turgor, presence or absence of re- 
traction of the globe, and perfusion parameters (Fig- 
ure 4.6). Dryness of the mucous membranes alone is 
said to reflect dehydration equivalent to 5% of the body 
weight, and >12% dehydration may represent a fluid 
loss sufficient to cause overt signs of mild to moderate 
hypovolaemic shock. Interestingly, there is little or no 
scientific evidence supporting this. When one considers 
the variable effect on intravascular volume depending 
upon the tonicity of fluid losses and the compartments 
from which the loss occurs, it is apparent that this 
scheme allows only a rough approximation of fluid defi- 
cits. Body weight represents the only easily available, 
reasonably accurate way of assessing the severity of 
dehydration, but is rarely relevant immediately follow- 
ing admission as few patients have a known accurate 
body weight from the time immediately before their ill- 
ness started. Body weight can however be used as a 
monitoring tool; dehydrated patients should gain weight 
following appropriate fluid therapy. 

The classic scheme will tend to underestimate losses 
when free water is lost in excess of solute and to over- 
estimate losses of hypertonic fluid. A clinical study per- 
formed over 25 years ago (Hardy and Osborne, 1979) 
found that the clinical signs of dehydration due to free 
water loss were extremely unpredictable. Of the 20 dogs 
that were deprived of water for periods ranging from 
2-4 days, 10 showed no clinical signs of dehydration 


Guidelines for the clinical assessment of 
dehydration. 
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and no dogs exhibited dry mucous membranes or dry 
or sunken eyes. One dog deprived of water for 4 days 
lost 16% of its body weight, showed no change in skin 
turgor, had no change in its packed cell volume and a 
minimal change in total protein concentration. 

Despite the limitations of the classic scheme for 
assessing fluid requirements, it nevertheless provides 
a tried and tested starting point on which to base fluid 
replacement therapy. The tendency to underestimate 
replacement requirements in animals with greater free 
water loss may actually be appropriate, because these 
losses tend to be chronic and require more gradual 
replacement. This scheme should not be used when 
an animal is showing signs of hypoperfusion; in that 
situation fluid therapy should be aimed at rapid intra- 
vascular volume replacement. 


Types of parenteral fluid 


Fluids should not be regarded as a single entity; rather, 
they are a range of pharmacological products each 
with its own indications and contraindications, much 
like the choice of antibiotics for different infections or 
the selection of heart medications for different types 
of heart disease. Knowledge of the underlying dis- 
ease processes and assessment of fluid deficits will 
help to determine the most appropriate fluid. There 
are three main groups of fluids: 


* Crystalloids 
* Colloids 
* Blood products. 


Crystalloids are electrolyte solutions that can pass 
freely out of the vascular space, whereas colloids 
contain macromolecules that are retained within the 
vascular space for a longer time period. Blood prod- 
ucts (including haemoglobin solutions) are covered 
in more detail in Chapter 14. 


Crystalloids 

Crystalloid fluids can be hypotonic, isotonic or hyper- 
tonic (Figure 4.7) compared to extracellular (and there- 
fore intracellular) fluid. The tonicity of the solution will 
determine its distribution following intravenous infu- 
sion (Figure 4.8). 


6.5 
Ringer's) solution 
NaCl 0.9% 5 
Ringer's solution 55 
NaCI 0.9% + Glucose 5% 4 


na oas% 
NaCI 0 10% + gue 


Glucose 5% 
Naci 72% 
Pasraive M 


Composition of crystalloid fluids for intravenous administration. 
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(a) Hypovolaemic shock. Large open dots represent albumin molecules and small dots represent small 
solutes. (b) Intravascular expansion during infusion of isotonic crystalloid. There is no concentration gradient 


change between the intracellular and extracellular space. (e) Intravascular expansion with isotonic crystalloid. 
Intravascular crystalloid equilibrates with the interstitial space and intravascular volume falls compared to the initial 
volume of expansion. (d) Intravascular expansion following hypertonic crystalloid results in a large increase in 
intravascular sodium concentration and a large osmotic gradient for water flow into the vasculature. (e) Intravascular 
expansion following hypertonic crystalloid. Water passes into the intravascular space from the interstitial and intracellular 
compartments, producing a rapid, but transient, expansion of intravascular volume. 


Isotonic solutions 

Isotonic replacement crystalloid solutions are the most 
familiar and frequently used fluid group in small ani- 
mal veterinary medicine. They are tremendously ver- 
satile fluids and can be used (at different rates) to 
treat both hypovolaemia and dehydration, and to sup- 
port the patient with ongoing losses. The most widely 
available isotonic replacement fluids are normal 
(0.9%) saline, Ringer's solution and Hartmann’s so- 
lution (lactated Ringer's solution). When used to treat 
hypovolaemia, there is no concentration gradient 
change between the intracellular and extracellular 
spaces, therefore water shifts do not occur across the 
cell membrane (Figure 4.8c). Intravascular crystalloid 
equilibrates with the interstitial space, with 20-25% 
of the infused volume remaining within the intravas- 
cular space 1 hour following infusion. 

Isotonic replacement crystalloids have an electro- 
lyte composition similar to extracellular fluid, with a rela- 
tively high sodium and low (or zero) potassium 
concentration (Figure 4.7). Consequently when used 
for longer-term fluid therapy, there is a tendency for 
patients to develop hypokalaemia and have a mild 
increase in their serum sodium. Whilst the change in 
sodium is rarely of clinical significance, if the patient 
has limited intake of potassium from other sources (e.g. 
is anorexic) the decrease in serum potassium may be 
significant. Supplementation of the intravenous fluids 
with potassium should be considered once acute vol- 
ume deficits have been replaced (see Chapter 5). 

Alternatively, isotonic maintenance fluids can be 
used. These fluids have an electrolyte composition that 
more closely mimics the electrolytes lost due to insen- 
sible causes in a healthy animal. As these fluids have 
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a relatively high potassium concentration (Figure 4.7), 
they must only be used at slow ‘maintenance’ rates 
(e.g. 2 mi/kg/h). Due to their lack of versatility and the 
small number of patients for which their use is indi- 
cated, they are rarely used in veterinary practice. 


Hypertonic saline 

Hypertonic saline is most commonly supplied at a 
concentration of 7.2-7.5% which, at 2400 mOsm/l, is 
more than eight times the concentration of plasma. A 
dosage of 4-7 ml/kg (dogs) or 2—4 ml/kg (cats) is given 
over 2-5 minutes, and produces a haemodynamic 
response similar to that of an isotonic crystalloid dose 
of 60-90 ml/kg. Intravenous infusion of hypertonic 
crystalloid creates a large osmotic gradient (Figure 
4.8d) and water is drawn from the interstitial and in- 
tracellular compartments producing a rapid expansion 
of intravascular volume (Figure 4.8e). 

However, as the sodium rapidly diffuses out of the 
vasculature, the effects can begin to wane in as little 
as 30 minutes following infusion. To prolong the dura- 
tion of effect, hypertonic saline is often constituted with 
a colloid such as dextran 70 or hetastarch. 

Hypertonic solutions have been reported to be safe 
and effective for the treatment of hypotension in ex- 
perimental studies in a wide range of species includ- 
ing dogs and cats. When compared with crystalloid 
solutions alone, many potential benefits have been 
demonstrated, including: 


* Agreater, more rapid and sustained restoration 
of arterial blood pressure 

* More rapid, greater and more sustained 
increment in plasma volume 


* Increased cardiac contractility 

* Greater and more sustained increment in 
cardiac output 

+ Improved oxygen delivery and oxygen 

consumption 

Improved organ blood flow 

Lower intracranial pressure post resuscitation 

Improved survival in certain studies 

Lower total volumes of resuscitation fluids 

required 

* Reduction in time taken for resuscitation 

* Inexpensive. 


Indications: Hypertonic saline is extremely useful when 
rapid intravascular volume expansion is required, such 
as the occasional case of severe hypovolaemia when 
death is imminent. It is also useful in large-breed dogs 
and in hypovolaemic animals in which inappropriately 
small intravenous catheters have been placed. A com- 
bination of hypertonic saline and iso- or hyperoncotic 
colloid appears to be the most appropriate fluid for in- 
travascular volume expansion in the patient at risk for 
increased intracranial pressure, such as with head 
trauma. This combination appears to provide the best 
compromise between improving the arterial blood pres- 
sure and minimizing the increase in intracranial 
pressure, i.e. optimizing cerebral perfusion pressure. 


Contraindications 


Dehydration and hyperosmolality: Animals suffering 
from dehydration do not have a normal reservoir of 
interstitial and intracellular fluid for mobilization fol- 
lowing infusion of hypertonic saline. Some studies 
have documented a higher mortality with use of this 
product in dehydrated as opposed to euhydrated ani- 
mals. Similarly, use of hypertonic saline may be con- 
traindicated in animals with hypernatraemia or other 
hyperosmolal states. 


Volume overload: Hypertonic resuscitation has been 
referred to as small volume resuscitation. Unfortu- 
nately, this has led to the mistaken assumption that 
the magnitude of volume expansion is also small. 
Volume expansion with hypertonic saline is a very 
rapid and aggressive method of fluid resuscitation 
irrespective of the small volume infused. It should be 
avoided or used with extreme caution in patients in 
which aggressive volume expansion would be dan- 
gerous, such as patients with heart or lung disease. 
In the authors’ experience, it can also cause ventricu- 
lar dysrhythmias, especially when given rapidly, there- 
fore an electrocardiogram should be monitored during 
infusion of hypertonic saline. 


Uncontrolled haemorrhage: Experimental evidence and 
clinical experience support the view that aggressive 
volume expansion in patients with uncontrolled haem- 
orrhage is associated with a higher mortality rate. This 
is probably due to an increase in the volume of haem- 
orrhage and loss of red blood cells, platelets and clot- 
ting factors following aggressive volume expansion. 
However, there are also studies documenting increased 
mortality following hypertonic saline resuscitation, even 


Chapter 4 Fluid therapy 


after changes in blood pressure and volume of haem- 
orrhage are taken into account. The most common situ- 
ation in which uncontrolled haemorrhage is 
encountered in clinical small animal practice is follow- 
ing road traffic accidents. Intra-abdominal haemorrhage 
and pulmonary contusions are the most common sites 
of bleeding. Notably, pulmonary bleeding appears to 
be exquisitely sensitive to volume expansion. Aggres- 
sive fluid resuscitation, such as with hypertonic saline, 
almost always worsens pulmonary bleeding and the 
authors consider the use of hypertonic saline, or any 
form of aggressive volume expansion, to be contrain- 
dicated in this patient population. 


Hypotonic solutions 
Hypotonic solutions include: 


* 5% glucose (D5W) 
* 0.18% NaCl + 4% glucose 
* 0.45% NaCl. 


Although the osmolality of 5% glucose solution is 
252 mOsm/I (and thus in the fluid bag it is close to 
being isotonic), once administered to the patient, the 
glucose is rapidly taken up by cells and metabolized. 
Administering glucose solutions is therefore tanta- 
mount to giving free water (i.e. water without associ- 
ated solute). Free water rapidly passes out of the 
intravascular space and distributes across the total 
body water, thus it is an ineffective intravascular vol- 
ume expander and should not be used for the treat- 
ment of hypoperfusion. Furthermore, rapid infusion 
of hypotonic solutions can cause severe dilution of 
serum electrolytes, especially sodium, and result in 
acute cerebral oedema and death. Although there are 
rare uses for hypotonic fluids (e.g. in patients with 
severe hypernatraemia), their use is contraindicated 
in most situations. 


Artificial colloids 

The basis for the use of colloids for volume expan- 
sion, as opposed to crystalloids, is that they are re- 
tained in the intravascular space to a greater degree 
than crystalloids and are therefore more efficient in 
maintaining intravascular volume. As long as micro- 
vascular permeability is normal, colloids will also 
maintain the intravascular COP and the COP gradi- 
ent between the intravascular and interstitial spaces, 
thereby reducing the rate of fluid efflux from the vas- 
culature. There is some evidence that microvascular 
perfusion may be better following colloid infusion com- 
pared to infusion of physiologically equivalent volumes 
of crystalloid. Despite these advantages, it is very 
important to maintain perspective when assessing the 
need for colloid therapy. Colloids are not a panacea; 
rather, they are one more group of drugs with specific 
indications, contraindications, benefits and risks. Two 
meta-analyses (Velanovich, 1989; Schierhout and 
Roberts, 1998) documented a higher overall mortal- 
ity in human patients treated with colloids compared 
to crystalloids. The limitations of meta-analyses not- 
withstanding, one study demonstrated a 12.3% dif- 
ference in mortality rate in favour of crystalloid therapy 
in human trauma patients. Another study showed a 
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7.8% difference in mortality rate in favour of colloids 
when data from studies that used human non-trauma 
patients were pooled. One of the most interesting 
conclusions was that colloid therapy appeared to be 
deleterious in patients with sepsis, capillary leak syn- 
drome and adult respiratory distress syndrome follow- 
ing trauma. 

There are three common types of artificial colloid: 
the gelatins, the dextrans and the hydroxyethyl 
starches (Figure 4.9). Gelatins are produced from 
mammalian collagen, whereas dextrans are prepared 
from a macromolecular polysaccharide produced from 
bacterial fermentation of sucrose. Hydroxyethyl 
starches are derived from amylopectin (the branched 
form of plant starch). The parent mixtures of macro- 
molecules are separated into fractions according to 
molecular weight. Artificial colloids contain a mixture 
of molecules of varying weights (i.e. are polydisperse), 
with the hydroxyethyl starches having a much wider 
range of molecular weights than dextran 70 or the 
gelatins. Albumin, by comparison, is a monodisperse 
colloid, with molecules that are all the same size 
(molecular weight 69 kD, molecular radius 3.5 nm). An 
average molecular weight of 100-300 kD would seem 
to be ideal, providing the best compromise between 
colloid osmotic volume expansion and duration of 
action. Mean molecular weights of the commonly avail- 
able colloids are shown in Figure 4.9. In addition to 
their weight, hydroxyethyl starches are also described 
by their degree of molar substitution. To reduce intra- 
vascular hydrolysis of the hydroxyethyl starch by 
amylase, the amylopectin may be hydroxyethylated 
at carbons 2, 3 and 6. The number of hydroxyethyl 
groups per glucose unit is defined as the molar sub- 
stitution ratio. The pattern of substitution varies de- 
pending upon the synthetic process. Substitution at 
the carbon 2 position is more effective at reducing 
intravascular hydrolysis than hydroxyethylation at the 
other positions. Hydroxyethy! starches can therefore 
be described on the basis of their average molecular 
weight, degree of substitution and C2/C6 hydroxy- 
ethylation ratio. These factors can be used to predict 
their intravascular persistence and their potential 
effect on coagulation (see below). 


The effect (both magnitude and duration of action) 
of colloids may be measured in several ways, includ- 
ing assessment of plasma colloid concentrations, 
plasma colloid osmotic pressure (COP) and intravas- 
cular volume expansion. These parameters do not 
change in an identical way following infusion of a col- 
loid. The initial volume of intravascular expansion is 
due to the osmotic pressure of the infused colloid, 
which is determined by the number of molecules and 
not their size. Smaller molecules, which are respon- 
sible for a large part of the COP and intravascular 
volume expansion, are excreted or extravasated within 
hours. The larger molecules remain in circulation and 
are enzymatically degraded or removed by the mono- 
cyte phagocytic system. The rapid initial excretion of 
small, osmotically active molecules, followed by a 
gradual elimination of large molecules, results in an 
exponential decline in intravascular expansion and a 
narrowing of the distribution of molecular weights. 
Because the larger molecules persist longer than the 
smaller ones, the concentration (i.e. the mass per unit 
volume) will remain high; however, as the total number 
of molecules decreases very quickly, the COP will 
decrease more rapidly. In summary, the COP and 
degree of volume expansion tend to fall faster than 
the plasma concentration of colloid. Studies that re- 
port the pattern of volume expansion are therefore 
most applicable to the clinical situation. 

Many factors influence the volume and duration of 
intravascular expansion associated with artificial 
colloids, including the species of animal, the dosage, 
the specific colloid formulation, the pre-infusion intra- 
vascular volume status and the microvascular perme- 
ability. It should be apparent that data from an 
experimental study in normovolaemic human volun- 
teers given twice the usual dose of a low molecular 
weight form of hydroxyethyl starch may have little 
bearing on the effects of high molecular weight 
hetastarch in a dog with SIRS that is in hypodynamic 
septic shock. 

Most studies have been performed using high 
molecular weight hetastarch or dextran 70. Estimates 
of the initial plasma volume expansion for hetastarch 
and dextran 70 vary from 70 to 170% of the infused 
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volume, which falls to approximately 50% of the infused 
volume after 6 hours. Over the next 12-18 hours, the 
intravascular expansion seen with hydroxyethyl starch 
declines gradually from 60 to 40% of the infused vol- 
ume, whereas with dextran 70, it falls from 40 to 20% 
of the infused volume. In the authors’ experience, the 
duration of volume expansion using artificial colloids 
may be even shorter than these estimates, especially 
when administered to patients with capillary leak syn- 
dromes. In one study of dogs with hypoalbuminaemia 
of varying causes receiving hydroxyethyl! starch, COP 
was not significantly different from baseline 12 hours 
post infusion (Moore and Garvey, 1996). Gelatins have 
a shorter duration of action than the other colloids 
because of their smaller molecular size. Following 
infusion over a 90-minute period, intravascular expan- 
sion with polygeline was only 24% of the infused vol- 
ume. For comparison, on average 20-25% of the 
infused volume of crystalloid remains in the intravas- 
cular space 1 hour following infusion. As colloids are 
frequently used in the most critical patients when it may 
be impossible to predict the degree of effect, it is vital 
that all patients are monitored to evaluate the clinical 
effect of the dose and product chosen in that patient. 


Indications 


Volume expansion: Colloids are a very efficient 
means of intravascular volume expansion. They are 
especially useful in disease states that are associ- 
ated with an increase in microvascular permeability 
(e.g. SIRS, sepsis), provided that the increase in per- 
meability is not sufficient to allow significant extra- 
vasation of colloid. Because the osmotic effect of the 
colloid macromolecules is due to their number rather 
than their size, if more than 50% of the molecules 
leak into the interstitium, then there could theoreti- 
cally be a net reduction in intravascular volume and a 
worsening of interstitial oedema as water leaves the 
intravascular space along with colloid. The dilemma 
therefore becomes the estimation of the increase in 
capillary permeability, i.e. the size of the ‘gaps’ in the 
microvascular barrier. A growing body of evidence sug- 
gests that hydroxyethyl starches can reduce the in- 
creases in microvascular permeability seen in several 
capillary leak states. The optimal molecular weight for 
this effect appears to be between 100 and 300 kD. 


Hypoproteinaemia: Although colloid fluids may be 
considered for use in hypoproteinaemic patients with 
the aim of raising COP, the rapidity of onset of the 
hypoproteinaemia and the clinical consequences in 
the patient should always be carefully considered. It 
is extremely important to bear in mind that the effec- 
tive COP acting to retain fluid within the intravascular 
space is the net difference between the intravascular 
and interstitial COP. As intravascular COP falls, fluid 
with a lower COP will pass from the vasculature and 
dilute the interstitial protein concentration such that 
the interstitial COP will also fall. Consequently with 
chronic disease, the gradient between intravascular 
and interstitial COP will be preserved. This means that 
a low plasma COP per se does not necessitate col- 
loid therapy in the absence of clinical signs such as 
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hypovolaemia or oedema, and as long as crystalloid 
fluids, which may further decrease COP, are not be- 
ing administered. Indeed, people with a hereditary 
form of complete albumin deficiency have a plasma 
COP which is still half of normal due to elevated globu- 
lin levels, and affected individuals exhibit minimal 
peripheral oedema. There also appear to be no seri- 
ous Clinical signs in an autosomal recessive, heredi- 
tary albumin deficiency reported in rats. Interestingly, 
the affected rats exhibit marked hypercholesterolae- 
mia as is also seen in protein-losing nephropathy with , 
nephrotic syndrome in dogs. In the authors’ clinical 
experience and in experimental studies, animals with 
severe hypoproteinaemia (COP <11 mmHg) may ex- 
hibit peripheral oedema but rarely develop pulmonary 
oedema. In dogs with hypoalbuminaemia, hydroxy- 
ethyl starch has been shown to result in short-term 
Clinical improvement of peripheral oedema or ascites 
(Smiley and Garvey, 1994). It is more important to 
diagnose and treat the cause of the hypoproteinae- 
mia, rather than to administer palliative colloid therapy, 
which is unlikely to be successful for more than a few 
hours if the underlying cause is not corrected. 


Contraindications and side effects 


Coagulopathy: Deleterious effects on coagulation 
can occur when hydroxyethyl starch or dextran are 
administered at doses above 20 mi/kg/day. The im- 
portant question is whether these coagulopathies are 
Clinically significant. Some studies suggest that clini- 
cally significant haemorrhage does not occur; how- 
ever, there is also clinical and experimental evidence 
suggesting occasional serious, potentially life- 
threatening bleeding. This paradox means simply that 
the coagulation abnormalities are only clinically sig- 
nificant in some cases. Clinical experience suggests 
that bleeding complications are relatively uncommon 
in veterinary patients. The effects on coagulation 
appear to be directly related to the intravascular 
concentration of artificial colloid. Higher plasma con- 
centrations of colloid may occur following larger doses, 
repeated administration or reduced intravascular 
degradation. Larger colloid molecules have a greater 
effect on coagulation than small molecules. With 
repeated administration, the small molecules are 
constantly excreted and the relative concentration of 
larger molecules increases. This explains why many 
studies reporting clinically significant bleeding refer 
to patients who received repeated administration over 
a period of days. 

The exact mechanism of action by which coagula- 
tion is affected is still not fully understood. The most 
repeatable findings are a reduction in factor VIII and 
von Willebrand factor (greater than expected by dilu- 
tion alone) and weakened clot formation. Desmo- 
pressin has been shown to increase factor VIII:C 
activity following hydroxyethyl starch infusion, and 
should be considered as an adjunct to fresh frozen 
plasma administration in high-risk patients. Colloid 
molecules may reduce the action of endothelial ad- 
hesion molecules thereby reducing endothelial release 
of von Willebrand factor as well as affecting other 
leucocyte- and platelet—endothelial interactions. 
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Volume overload: Colloids are retained within the 
vasculature to a greater extent than crystalloids; 
therefore there is a greater likelihood of volume over- 
load with injudicious administration. Most clinicians 
are more familiar with crystalloid infusion rates, so 
a helpful method to ensure a safe colloid infusion 
rate is to estimate the equivalent crystalloid rate. 
Approximately 20-25% of crystalloid remains within 
the intravascular space 1 hour after infusion, com- 
pared to approximately 100% of the volume of in- 
fused colloid, therefore multiplying the colloid infusion 
rate by four allows one to conceptualize the volume 
expanding effects of the colloid in terms of an equiva- 
lent crystalloid volume. While this approach can be 
helpful to limit excessive infusion rates, when using 
colloids in patients with cardiac or pulmonary dis- 
ease or oliguria, direct monitoring of central venous 
pressure is warranted. 


Renal failure: The low molecular weight dextrans 
such as dextran 40 have been reported to cause re- 
nal failure. Glomerular filtration of a high concentra- 
tion of small dextran molecules is postulated to cause 
blockage of the renal tubules and/or osmotic nephro- 
sis. Because the major route of excretion for all artifi- 
cial colloids is via the kidneys, they should be used 
with caution in patients with oliguric or anuric renal 
failure. In contrast, for those patients with oliguria 
due to hypovolaemia and hypotension, colloids may 
provide the most effective means of intravascular 
volume expansion. 


Allergic reactions and reticuloendothelial dys- 
function: Anaphylactic or anaphylactoid reactions 
have been reported for dextrans, hydroxyethyl 
starches and gelatins; however, the incidence of 
serious complications is extremely low. Hydroxyethy! 
starch has been associated with pruritus in up to one 
third of people treated with long-term infusions. De- 
posits of hydroxyethyl starch in cutaneous nerves 
and histiocytic skin infiltrates are thought to be re- 
sponsible. Interestingly, pruritus has also been 
reported following infusion of lactated Ringer's solu- 
tion. Several studies have raised concerns regard- 
ing the potential effects of plasma substitutes on 
reticuloendothelial function. Decreased concentra- 
tions of the opsonic plasma factor, fibronectin, have 
also been reported. These appear to be most signifi- 
cant with the artificial gelatins but have also been 
noted with hydroxyethyl starch. 


Interference with clinical biochemistry: The use of 
refractometric total solids (TS) as a convenient and 
cheap way to assess total protein concentrations and 
estimate COP is no longer valid once an artificial col- 
loid has been administered. High molecular weight 
hydroxyethyl starch and dextran 70 both yield refrac- 
tometric TS of 45 g/l. As plasma volume is replaced 
by artificial colloid, theoretically the measured refrac- 
tometric TS should tend towards that of the artificial 
colloid. In clinical patients, administering artificial 
colloid to an animal with an initial TS >45 g/l will tend 
to reduce the measured TS despite the fact that it 
will lead to an increase in COP. However it is rare that 


administration of artificial colloid will cause a signifi- 
cant increase in TS if the initial TS is <45 g/l. Failure 
to appreciate the effect of artificial colloid on refracto- 
metric TS can lead the clinician to misinterpret a fall 
in TS as an indication for more colloid. Because as- 
says for serum colloid concentrations are not readily 
available, therapy with artificial colloids is best moni- 
tored by direct measurement of COP using a mem- 
brane osmometer. 

The intravascular expansion due to colloid infu- 
sion results in significant dilutional effects. Packed cell 
volume, albumin concentration and serum potassium 
concentration seem to be most affected. Serum amy- 
lase may be elevated to 200-250% of normal follow- 
ing administration of hydroxyethyl starch due to 
complex formation and reduced excretion. Hydroxy- 
ethyl starch can also produce predictable but poten- 
tially misleading results in blood typing and cross- 
matching, due to increased rouleaux formation. 

Urine specific gravity (USG) should be interpreted 
with caution following colloid administration. As many 
of the colloid molecules are excreted through the 
kidneys and as USG is a measure of the weight of 
solutes in urine, the USG may increase without rep- 
resenting an increase in osmolality of the urine. 


Natural colloids 

Until recently, albumin has been administered to small 
animal patients only in veterinary transfusion prod- 
ucts (see Chapter 14). However human serum albu- 
min, obtained from purified human plasma, is available 
commercially and is now being used increasingly in 
small animal medicine. Albumin is a monodisperse 
colloid (i.e. all albumin molecules are the same size) 
with a molecular weight of approximately 69 kD and a 
molecular radius of 3.5 nm. In addition to its role in 
maintaining plasma COP, it also a carrier molecule 
with a wide range of substances being bound to it in 
plasma (e.g. bilirubin, fatty acids, metals and other 
ions, hormones and drugs). Albumin supplementation 
has been suggested in critically ill people because of 
its numerous important roles, and because serum al- 
bumin concentration has been shown to be an accu- 
rate prognostic indicator. The role of albumin in 
maintaining the selective permeability of the micro- 
vascular barrier to macromolecules provides another 
rationale for the prophylactic use of albumin. How- 
ever, a recent trial in human medicine comparing re- 
suscitation of critically ill patients with either albumin 
or saline found no significant differences in outcome 
between the groups for a number of variables, includ- 
ing 28-day outcome (Finfer et al., 2004). Clinical data 
in veterinary species is limited at this time; one study 
reported that administration of human serum albumin 
to a heterogeneous population of critically ill dogs was 
associated with an effective increase in plasma albu- 
min and COP with relatively few adverse effects (Chan 
et al., 2004). 

As human albumin is not biochemically identical 
to canine or feline albumin, patients should not re- 
ceive multiple doses separated in time, as there is a 
risk of anaphylaxis. Since the albumin molecule is 
relatively small, when it is used as a volume expander 
it equilibrates with the interstitial space more rapidly 


and to a greater extent than the hydroxyethyl! starches. 
Thus, relatively large volumes must be given to 
achieve a sustained increase in plasma albumin con- 
centration. The amount of albumin required can be 
estimated using an equation which corrects for the 
expected volume of distribution across the intravas- 
cular and interstitial spaces: 


Albumin deficit (g) = (desired albumin (g/l) — patient albumin (g/l) 
x (body weight (kg) x 0.3) 


Therefore, to raise the serum albumin from 15 to 
25 g/l in a 20 kg dog: 


Albumin deficit = (25 — 15) x (20 x 0.3) = 60 g 


Commercially available albumin solutions are pre- 
pared as 0.2 g/ml (20%) or 0.25 g/ml (25%), therefore 
this dog would need to receive 240-300 ml of human 
serum albumin. Alternatively, if canine blood products 
were to be used instead, this would be equivalent to 
the amount of albumin in 2 | of plasma or 4 | of fresh 
whole blood. Typically infusion rates are based on the 
patient's response, but vary between 1.0 and 1.5 g/kg 
total dose given as a bolus over several hours, or 
continuous infusions of 0.2—1.0 ml/kg/h of 20 or 25% 
human serum albumin solution. 


Volume, rate, duration and route of 
administration of fluid therapy 


Acute intravenous fluid therapy to replace absolute 
or relative plasma volume deficits in a patient with 
hypoperfusion is a life-saving procedure that must be 
performed over minutes to hours. In contrast, chronic 
fluid therapy to re-establish and maintain normal water, 
electrolyte and acid—base balance, is not usually an 
emergency response and is planned and re-evaluated 
on a daily basis. It is vital that one clearly separates 
the doses and rates used for acute volume expan- 
sion from the rates used for chronic fluid therapy to 
ensure that life-threatening problems are corrected in 
a timely manner. In many situations there is more than 
one fluid type that could be used and the clinician must 
consider the relative indications and contraindications 
of each fluid in that particular patient. 

It is also important to remember that all fluid 
therapy calculations are based on estimates. Success- 
ful fluid therapy relies on monitoring the patient closely 
to ensure that appropriate goals are being achieved, 
with adjustment of the plan if necessary. For all 
patients receiving fluid therapy, the clinician should 
ask ‘What do | want the fluids to achieve in this pa- 
tient?’ and ‘Are there contraindications to the use of 
any fluid groups in this patient?’ Once these ques- 
tions are answered, the clinician makes a decision on 
the initial type and dose/rate of fluid to be admini- 
stered and the parameters to be monitored, both to 
check that the fluids are having the required effect 
and to ensure that no complications of fluid therapy 
develop. If the patient is not responding as expected, 
the clinician should re-evaluate the fluid plan, includ- 
ing both the type and rate of fluids. 
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Acute fluid therapy for the animal with 
perfusion abnormalities 

To determine the appropriate fluid dosage, abnormali- 
ties of perfusion should be graded as to their severity 
(see Figure 4.4). A dose (ml/kg) of fluid should be 
chosen with the aim of restoring intravascular volume 
(and therefore perfusion parameters) to within nor- 
mal limits. Considering isotonic crystalloids, a full 
‘shock’ dose (bolus) of 60-90 ml/kg (dog) or 40-60 
ml/kg (cat) should be given to patients showing signs 
of severe hypoperfusion. For patients with signs of ' 
moderate hypoperfusion, a 30-50 ml/kg bolus should 
be used (10-20 ml/kg in the cat) and for patients with 
signs of mild hypoperfusion a smaller bolus of 10—20 
ml/kg (5-7 ml/kg in the cat) should be chosen. The 
fluid dose should be administered over a defined time 
frame (usually 1 hour), although in dogs with severe 
hypoperfusion it may be necessary to administer the 
dose more rapidly. At the end of the dose the patient's 
perfusion parameters should once again be assessed. 
If they are within normal limits, fluid therapy should 
continue to replace ongoing losses, with doses as 
outlined in the chronic fluid therapy plan described 
below. In contrast, if perfusion parameters are still 
abnormal, another fluid bolus should be given. 

Prior to administering aggressive fluid therapy, a 
careful assessment should be made of possible rea- 
sons for the hypoperfusion and whether there are any 
contraindications to rapid fluid therapy. The vast ma- 
jority of animals with poor perfusion have hypovolae- 
mia, distributive shock (sepsis or other causes of 
SIRS) or less commonly cardiogenic shock (see Chap- 
ter 3). Fluids are essential in the treatment of both 
hypovolaemic and distributive shock but contraindi- 
cated in most animals with cardiogenic shock. Most 
animals with significant heart disease as a cause of 
their shock will have a murmur or gallop rhythm on 
cardiac auscultation. However, in patients with severe 
hypovolaemia, the heart sounds can be quiet, mak- 
ing it challenging to auscultate concurrent cardiac 
abnormalities. The major contraindications to aggres- 
sive fluid therapy are cardiac, respiratory or brain dis- 
ease. Although anuric renal failure also warrants 
careful fluid therapy, it is impossible to confirm this 
diagnosis without an appropriate fluid challenge. 

Fluids for acute intravascular volume replacement 
should always be given by the intravenous or 
intraosseous route. Flow rate through a catheter is 
proportional to the fourth power of the radius of the 
catheter, thus the largest bore possible should be used 
(see Chapter 2). It is often helpful to place two intra- 
venous catheters to ensure that an adequate fluid 
volume can be administered and to provide a back- 
up if one catheter does not flow or becomes dislodged. 
In animals with severe hypoperfusion surgical venous 
cutdowns may be necessary to establish venous ac- 
cess (see Chapter 2). 

Animals receiving intravenous fluids for rapid 
intravascular volume expansion should be con- 
stantly monitored to assess the clinical response to 
therapy. In general, during successful volume re- 
placement, perfusion parameters will gradually and 
predictably return to normal. Mental status should 
improve and there should be no deleterious effects 
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on the respiratory system. Given a dog of a certain 
body weight with a given degree of hypovolaemia, 
one can estimate the expected clinical response from 
a given volume and type of intravenous fluid. This 
enables the clinician to detect an inadequate re- 
sponse to volume resuscitation rapidly and pursue 
the underlying cause (e.g. ongoing haemorrhage, 
sepsis/SIRS). The fluid type and rate should be re- 
assessed, as patients with severe ongoing losses 
may require colloid or blood component therapy. 

Although isotonic replacement crystalloids are of- 
ten the first choice in the fluid resuscitation of patients 
in shock, colloids, blood products or hypertonic saline 
may also be chosen. Colloids should be considered 
if the patient is suspected to have a low COP or 
exhibits clinical signs of oedema. A colloid dose of 20 
ml/kg is considered equivalent to a 60-90 ml/kg dose 
of isotonic crystalloid, and the dose should be scaled 
down according to the severity of shock in the same 
manner as described for crystalloids. Blood products 
should be considered if the patient has pre-existing 
anaemia or has experienced severe haemorrhage, but 
their use is often limited by availability. Fluid resusci- 
tation with asanguineous fluids should rarely if ever 
be withheld due to concerns about decreased red cell 
mass. Hypertonic saline should be considered in 
patients with concurrent hypovolaemia and head 
trauma or in large patients in severe shock. 


Chronic fluid therapy for the patient with 
normal perfusion parameters 

If the patient's perfusion parameters are within nor- 
mal limits (either at presentation or following correc- 
tion of shock with acute fluid therapy as described 
above), a chronic fluid therapy plan should be formu- 
lated. For the animal that is dehydrated but not seri- 
ously hypovolaemic, it is appropriate to correct fluid, 
electrolyte and acid—base abnormalities over a pe- 
riod of 24—48 hours. When devising a chronic fluid 
therapy plan, three components should be considered: 


* Pre-existing fluid deficits (replacement of 
hydration losses) 

* Maintenance requirements 

* Ongoing losses. 


The volume of fluids required for replacement of 
dehydration is estimated as a percentage of the 
animal's body weight, based on the clinical signs of 
hydration status (see Figure 4.6). As discussed pre- 
viously, this provides only a rough estimate rather than 
an accurate guide. Because of the need to expand 
the intravascular and interstitial compartments effec- 
tively, an isotonic fluid is used for replacement of pre- 
existing deficits. Maintenance fluid requirements are 
simply the water and electrolytes needed on a daily 
basis in a normal animal. They are estimated empiri- 
cally at 60 ml/kg/day for small dogs and cats and 40 
ml/kg/day for larger dogs. In general, the fluid com- 
position required for maintenance is low in sodium 
(approximately 0.3-0.45% NaCl) and high in potas- 
sium (approximately 20 mmol/l). Ongoing losses 
should also be estimated, although occasionally they 
may be measured (e.g. losses via a chest tube by 
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collecting drainage or losses in diarrhoea by weigh- 
ing soiled bedding). Increased insensible losses, such 
as panting (especially with pyrexia), can be signifi- 
cant and should be taken into account when planning 
daily requirements. 

In practice, replacement isotonic crystalloids are 
used for the chronic fluid therapy plan, as most 
patients have some degree of replacement needs or 
ongoing losses. The use of replacement fluids in this 
situation tends to predispose patients to the develop- 
ment of hypokalaemia. Patients who only have main- 
tenance requirements (e.g. the neurological patient 
with inability to drink) are rarely encountered. In this 
situation, although a maintenance fluid may be used, 
the use of a replacement solution with potassium 
supplementation is also likely to be successful. 

In animals that require potassium supplementa- 
tion, an empirical dose is usually added to the intra- 
venous fluids (see Figure 5.5). In very small patients 
or those on rapid fluid rates, the potassium infusion 
rate should be calculated to double check that the 
patient is not being overdosed. An empirical maxi- 
mum infusion rate of 0.5 mmol/kg/h is suggested for 
potassium. The converse also should be kept 
in mind: the standard potassium supplementation of 
fluids may be insufficient to correct plasma potas- 
sium concentrations in patients who are receiving 
relatively low fluid rates. Potassium should not be 
added to fluids that are likely to be used for rapid 
intravenous infusion because of the risk of admini- 
stration of a high dose quickly. Furthermore, in- 
adequate mixing of intravenous fluids after addition 
of supplementary potassium can result in delivery of 
fluid with potassium concentrations an order of mag- 
nitude higher than expected. 


Monitoring fluid therapy 


Fluid requirements should be re-evaluated and ad- 
justed regularly. In a patient receiving a bolus for hypo- 
volaemia this may be every 15-30 minutes, whereas 
in a patient with chronic renal disease it may be ona 
daily basis. One of the most common mistakes with 
continued intravenous fluid therapy is failure to re- 
adjust fluid rates as the condition of the animal 
changes. There is a tendency to misconstrue the im- 
pressive autoregulatory abilities of the body (and more 
specifically the kidney) to infer that the choice of in- 
travenous fluids is somewhat academic. Certainly, the 
normal kidney often compensates admirably for an 
inappropriate choice of fluid therapy. In animals with 
renal dysfunction or failure of the body’s normal 
homeostatic mechanisms for water, electrolyte and 
acid—base balance, failure to select the appropriate 
fluid and monitor the effects may result in serious and 
potentially life-threatening complications. The most 
basic yet useful monitoring technique is the serial 
physical examination, which should include both as- 
sessment of perfusion and hydration parameters as 
well as evaluation for complications of fluid therapy 
(increased respiratory rate/effort, development of pe- 
ripheral oedema). Other techniques discussed below 
may be used to augment the physical examination. 


Body weight 

Acute changes in body weight are largely due to 
changes in the fluid content of the body. When treat- 
ing dehydrated patients, an increase in body weight 
is a positive sign that euhydration is being restored. 
However an increase in body weight in a non- 
dehydrated patient may be an early indicator that the 
patient is becoming fluid overloaded. 


Serial bloodwork 

It is recommended that packed cell volume, total 
solids (PCV/TS) and electrolytes are monitored 
frequently (at least daily) in patients on intravenous 
fluids. As discussed above, hypokalaemia is a com- 
mon complication of chronic fluid therapy. In a patient 
with shock receiving aggressive fluid therapy, changes 
in PCV/TS can be used to guide the clinician as 
to when fluids such as colloids or blood products 
may be required. 


Arterial blood pressure 

Arterial blood pressure is frequently measured in criti- 
cally ill veterinary patients and reflects the interplay 
between cardiac output and systemic vascular resist- 
ance (see Chapter 3). Arterial hypotension is a late 
change in shock, as many of the homeostatic mecha- 
nisms act to maintain blood pressure. Fluid boluses 
are therefore often still warranted in patients that are 
normotensive on presentation, but which are show- 
ing signs of compensated shock. Arterial blood pres- 
sure monitoring may be used to monitor patients in 
hypotensive shock which are receiving fluid boluses 
to restore perfusion. A minimum systolic arterial pres- 
sure of 70-80 mmHg or mean arterial pressure of 
greater than 60 mmHg should be the initial goal. In 
normotensive patients, although there may be tran- 
sient increases in arterial blood pressure in response 
to fluid boluses, arterial blood pressure does not con- 
tinue to climb with further fluid loading and is thus less 
useful than central venous pressure for assessment 
of vascular filling. 


Central venous pressure 

The central venous pressure (CVP) is a measure of 
the hydrostatic pressure within the central venous 
compartment, and as such provides the most accu- 
rate assessment of vascular filling. It is typically meas- 
ured via a catheter, placed percutaneously into the 
jugular vein (Chapter 2), which has its tip in the cra- 
nial vena cava. Catheters placed into the caudal vena 
cava via the saphenous or femoral veins may also be 
used but tend to give less predictable and less accu- 
rate readings. The CVP is measured by attachment 
of the central venous catheter to either an electronic 
pressure transducer or a water manometer. Electronic 
pressure transducers provide a continuous readout 
of CVP and allow assessment of the waveform, how- 
ever the equipment required is not widely available. A 
water manometer is used to provide intermittent read- 
ings of CVP but can be constructed from equipment 
available in most practices (three lengths of drip 
tubing, a ruler, a 60 ml syringe and a three-way 
stopcock; Figure 4.10). 
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| 4.10 | A water manometer for measurement of central 
venous pressure (CVP). Tube A is attached to 
the central line in the patient and the patient is positioned 
in right lateral recumbency. For an accurate reading it is 
important that point X is at approximately the same 
height as the patient's right atrium. The three-way 
stopcock is closed to the patient. Tube B is filled with 
saline from a syringe attached to tube C, until the height 
of the water column is at least 20 cm. The three-way 
stopcock is then opened so that it allows communication 
between tubes A and B (i.e. off to tube C). The saline in 
tube B will run into the patient until the water column 
reaches a height that is in equilibrium with the patient's 
CVP. This height is read as the CVP in cmH,O. Repeat 
measurements can be taken as often as necessary but 
for reliable interpretation the patient position must be 
consistent. Note: for the purposes of this illustration, a 
coloured dye was added to the saline in this manometer. 


Normal CVP is 0-5 cmH,O. A low CVP implies in- 
adequate vascular filling whereas a high CVP implies 
intravascular volume overload, right-sided cardiac 
dysfunction or increased intrathoracic pressure (e.g. 
pleural effusion). The change in CVP following a fluid 
bolus can be a useful guide to the necessity for further 
fluid loading, especially in patients in which volume 
overload is a concern, for example patients with possi- 
ble anuric/oliguric renal failure. If the CVP is low, in- 
creases following a fluid bolus but then rapidly returns 
to pre-bolus levels, then more fluid therapy is warranted. 
In contrast, if it rises and remains high, this implies that 
the vascular volume is adequate and hypovolaemia is 
not the cause of the poor urine output. 


Urine output 

Urine output represents the balance between glomeru- 
lar filtration rate (GFR) and tubular fluid reabsorption, 
and can be affected by a large number of different 
factors. It is thus impossible to define a ‘normal’ urine 
output but only to assess whether the output achieved 
is appropriate for the animal's clinical state. Assum- 
ing postrenal causes have been ruled out, critically ill 
patients may have a low urine output (<0.5 ml/kg/h) 
due to poor renal perfusion and low GFR (hypo- 
tension), anuric/oliguric renal failure, or high tubular 
reabsorption rate. The latter, which is associated with 
a high urine specific gravity, implies that the animal's 
homeostatic mechanisms are actively conserving 
water and suggests normal renal function. In all of 


43 


Chapter 4 Fluid therapy 


these instances, the goal should be to increase urine 
output into the 0.5—2.0ml/kg/h range. In many cases 
this is achieved by providing the patient with adequate 
fluid therapy, although in the case of oliguric/anuric 
renal failure, pharmacological measures may be nec- 
essary to restart urine flow (see Chapter 8). 

A falling urine output, in a patient that had previ- 
ously been considered to be volume replete, can be 
an early indicator that the current fluid therapy plan is 
not supplying a sufficient volume of fluid. In most criti- 
cal patients, this occurs because of changing and in- 
creased losses from the body, through the Gl tract, 
wounds, or into third spaces. Patients may have an 
obligatory high urine output (>2 ml/kg/h and in some 
cases as high as 10-20 ml/kg/h) as a consequence 
of their underlying disease (e.g. polyuric renal failure, 
post-obstructive diuresis). In this scenario, accurate 
monitoring of urine output helps guide the rate of in- 
travenous fluid therapy that the patient requires. The 
goal in this situation should be to ‘match ins with outs’. 

Urine output is best measured by placement of 
an indwelling urinary catheter. Strict aseptic tech- 
nique should be adhered to whenever handling the 
urinary catheter to reduce the risk of ascending 


Patient details 


urinary tract infection. Alternative methods include 
attempting to catch all the urine passed in ambula- 
tory patients or weighing urine soaked bedding in 
recumbent patients. Neither of these techniques is 
as accurate as catheterization. 


Conclusion 


Fluid therapy is an important part of the treatment of 
many critically ill veterinary patients. It should be re- 
membered that fluids are a group of drugs just like 
any other, and have the potential to have adverse ef- 
fects as well as positive ones. Numerous different flu- 
ids are available to veterinary practitioners, all of which 
can be used at a variety of different rates and doses. 
Successful fluid therapy comes from understanding 
why the patient requires fluid therapy and devising a 
fluid therapy plan for that individual based on both 
the goals of fluid treatment and an awareness of 
potential complications (Figure 4.11). Appropriate 
monitoring and a degree of flexibility with the plan as 
the patient’s status changes are also important ele- 
ments in achieving a successful outcome. 


6-month-old, male entire Labrador Retriever, body weight 20 kg, presents with a history of 3 days of vomiting and diarrhoea that has been getting 
progressively worse. He is unvaccinated and a diagnosis of parvovirus is confirmed. 


Physical examination 
D 
Heart rate 170, cardiac auscultation is unremarkable 


Mucous membranes pale with a CRT of 2.5 seconds 


Respiratory rate and effort are within normal limits as is auscultation of the lungs 
When raised, the skin over the back of the neck falls back more slowly than normal 


+ Pulse quality weak/moderate 


Glucose 5.6 mmol/l (reference range: 3.5-5.5 mmol/l) 
Azostix - BUN mildly elevated 


Initial assessment 


imum database 
PCV 39% (reference range: 37-55%), TS 50 g/l (reference range: 57-70 g/l) 


The patient requires fluids. He is showing evidence of both moderate to severe hypoperfusion (tachycardia, abnormal pulse quality, abnormal 
mucous membranes) and moderate (~8%) dehydration. This is consistent with his history. 


Initial plan 


The hypoperfusion should be addressed first as it is potentially life-threatening. Plan to administer a fluid bolus of 50 ml/kg isotonic replacement 
crystalloid over 1 hour, with the aim of normalizing perfusion parameters. 50 x 20 = 1000 ml/h for 1 hour. 


Assessment 1 hour later 


Perfusion parameters have normalized (HR 120, pulse quality improved, mucous membranes pink with 1.5 second CRT). Consider chronic fluid 


therapy plan. Need to calculate and sum for 24 hours: 


* — Replacement of hydration 
* Maintenance 
* — Ongoing losses. 


If perfusion parameters had not normalized at the end of the first fluid bolus, a second fluid bolus would have been required. The size of the second 
bolus and the type of fluid used should be chosen on the basis of the patient's physical examination at that time: 


Replacement of hydration 
Fluid deficit = % dehydration x body weight x 10 
=8x20x10 
= 1600 ml 
Maintenance 
Maintenance requirement = 50 mi/kg/day 
= 50 x 20 
= 1000 mi/day 


gD Example of a fluid therapy plan. (continues) 


Chapter 4 Fluid therapy 


(continued) Example of a fluid therapy plan. 
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Electrolyte and acid-base 


balance 


Amanda Boag 


Introduction 


The evaluation of electrolytes and acid—base status 
in critically ill patients is an important tool, both for 
helping to achieve a rapid diagnosis and for refining 
patient management. Electrolyte and acid-base para- 
meters can change over very short time periods with 
disease progression or treatment, and the ability to 
measure these parameters in-house is essential. An 
increasing number of veterinary surgeons have ac- 
cess to ‘bench-top’ machines such as i-Stat or IRMA 
blood gas analysers, allowing greater numbers of 
patients to benefit from the information they provide. 
For the emergency practitioner, a blood gas machine 
is arguably more important for acute patient manage- 
ment than an in-house biochemistry machine. Hour- 
to-hour treatment decisions may be made on the basis 
of changes in electrolyte and acid—base status, 
whereas this is rarely the case with clinical biochem- 
istry parameters. 

This chapter reviews the relevant physiology and 
Clinical significance of changes in the major electro- 
lytes (sodium, potassium, chloride, calcium and mag- 
nesium) as well as providing an introduction to 
acid—base interpretation. 


Sodium is the most important osmotically active par- 
ticle in the extracellular fluid (ECF) and, as such, is a 
vital determinant of ECF volume. The regulation of 
sodium concentration and water balance is intimately 
related. The kidneys are the prime site for sodium 
and water homeostasis. The endocrine mechanisms 
for volume regulation (i.e. sodium content) and osmo- 
regulation (i.e. water content) are integrated in the 
nephron. Volume regulation involves detection of intra- 
vascular volume changes at a number of anatomical 
sites (carotid sinus, aortic arch, glomerular afferent 
arterioles, cardiac atria) with alterations in the activa- 
tion of the renin—angiotensin—aldosterone system 
(RAAS), the sympathetic nervous system (NS) and 
atrial natriuretic peptide (ANP) being the principal 
effector mechanisms. The complex actions of these hor- 
mones lead to either increased (RAAS, sympathetic 
NS) or decreased (ANP) sodium retention by the kid- 
neys. Osmoregulation involves detection of changes 
in osmolality by the hypothalamus with control effected 
by anti-diuretic hormone (ADH; vasopressin). An 
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increase in ADH leads to increased body water by 
stimulating thirst and increasing water reabsorption 
in the distal part of the nephron. 

Ultimately, the measured serum sodium concen- 
tration reflects the balance between the amount of 
sodium relative to the amount of water within the ECF 
compartment, and is not a direct indicator of total body 
sodium. Patients with hypernatraemia (or hyponatrae- 
mia) may therefore have normal, increased or de- 
creased total body sodium in different disease 
situations. For example, a patient with significant loss 
of a hypotonic fluid (e.g. osmotic diarrhoea) may have 
decreased total body sodium, but actually be 
hypematraemic if their loss of water exceeds their loss 
of sodium. These patients are likely to be hyper- 
natraemic and hypovolaemic. Conversely, a patient 
with hypernatraemia secondary to excessive intake 
of salt (impermeant solute gain), which also has had 
access to water, may be hypernatraemic and 
hypervolaemic. When evaluating patients with sodium 
abnormalities it is vitally important to make an assess- 
ment of intravascular volume status on the basis of 
physical examination and history (see Chapter 4). 
Recognition of the patient's volume status allows re- 
finement of the differential diagnosis list and has im- 
portant implications for treatment. As the sodium ion 
is monovalent, 1 mmol/l is equivalent to 1 mEq/l. 


Disorders of sodium 


Causes 

The differential diagnoses for sodium abnormalities, 
categorized according to the patient's intravascular 
volume status, are shown in Figure 5.1. Several of the 
causes (e.g. vomiting and diarrhoea) may cause either 
hyper- or hyponatraemia depending on the exact nature 
of the losses (i.e. whether they contain more sodium 
than water or vice versa) and the ability of the animal 
to drink and regain free water. The presence and influ- 
ence of other osmotically active particles in the plasma 
should also be considered when interpreting serum 
sodium values. This is clinically most relevant when 
evaluating diabetic patients. In these patients, the 
elevated serum glucose acts as an osmotically active 
particle and draws water into the vasculature, leading 
to dilution of the serum sodium. It is expected that for 
every 1 mmol/l increase in glucose, the serum sodium 
will be reduced by approximately 0.3-0.4 mmol/l. 
Finally, when assessing patients with hyponatraemia, 
the possibility of pseudohyponatraemia should be 


Hypervolaemia (impermeant solute gain) 

Salt poisoning 

latrogenic (hypertonic saline administration) 
Normovolaemia (pure water deficit)* 


Hyperthermia 
Diabetes insipidus (central/nephrogenic) 
Inadequate access to water 
Primary hypodipsia 
Hypovolaemia (loss of water in excess of sodium) 
Renal failure (acute or chronic) 
Vomiting and diarrhoea 
Burn injuries 
Drug induced (furosemide, mannitol) 


Hypervolaemia yoray sa excretion) 
Congestive heart failu 
Severe hepatic disease 
Renal disease (nephrotic syndrome) 
Normovolaemia 
Syndrome of oe ADH secretion (SIADH) 
Hypotonic fluid administration 


Psychogenic polydipsia 
Hypovolaemia (loss of sodium in excess of water) 
Hypoadrenocorticism 
Vomiting and diarrhoea 
Drug induced (diuretics) 
Third-space loss 


iea Differential diagnosis of serum sodium 
abnormalities. Diagnoses in italics are those 


encountered most frequently in clinical practice. ° It 
should be noted that although the conditions listed here 
initially lead to normovolaemic hypernatraemia, in clinical 
practice, by the time patients with pure water deficit 
present to a veterinary surgeon they are often exhibiting 
signs of hypovolaemia. 


considered. This is an artefact that occurs when se- 
rum sodium is measured by flame photometry method- 
ology (used by most commercial laboratories) in patients 
with concurrent hyperlipidaemia or hyperproteinaemia. 
In this situation the true serum sodium is likely to be 
within normal limits. Pseudohyponatraemia has no 
negative clinical consequences but it is important 
that it is recognized so that the low serum sodium is 
not overinterpreted. 


Clinical signs 

Mild abnormalities in serum sodium are common and 
rarely cause clinical signs. If sodium abnormalities are 
severe and especially if they develop rapidly, clinical 
signs may ensue. The clinical signs are principally 
neurological. With hypernatraemia, the increased 
tonicity of the ECF leads to movement of water out of 
brain cells, causing cerebral dehydration and devel- 
opment of neurological signs. With hyponatraemia, 
the decreased ECF tonicity promotes movement of 
water into the brain, with development of cerebral 
oedema. The rate of change in sodium is an impor- 
tant determinant of the severity of the clinical signs. If 
the sodium abnormality develops slowly (i.e. over a 
period of days to weeks), the brain is able to compen- 
sate and clinical signs may not be seen. When 
hypernatraemia progresses gradually, the brain gen- 
erates intracellular substances known as idiogenic 
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osmoles that prevent cerebral fluid loss. With gradual 
onset of hyponatraemia, the brain is able to adjust by 
losing osmotically active particles. This has important 
implications for treatment. Rapid correction of chronic 
sodium abnormalities may precipitate clinical signs 
that are more severe than those induced by the 
sodium abnormality itself. 


Treatment 

The principles of treatment of both hyper- and hypo- 
natraemia are similar, and generally involve manipula- 
tion of the patient's intravenous fluid therapy. For the 
majority of patients with serum sodium abnormalities, 
the serum sodium concentration does not need spe- 
cific treatment but will correct itself as the underlying 
disease is treated. Patients with clinical signs may, how- 
ever, require treatment aimed specifically at the sodium 
abnormality. It is also vital to ensure that treatment for 
the underlying disease does not lead to rapid changes 
in sodium, and development of iatrogenic clinical signs. 

When the serum sodium abnormality has been 
gradual in onset, the serum sodium should be cor- 
rected slowly, with a maximum change of 0.5 mmol/l 
sodium per hour in either direction. 

If hypovolaemia is present, initial treatment should 
be directed at restoration of the patient's intravascular 
volume with the use of fluid boluses (see Chapter 4). 
To avoid rapid changes in the patient's serum sodium, 
the fluid chosen for boluses should have a sodium con- 
centration close to the animal's serum sodium. For the 
majority of hypernatraemic patients 0.9% NaCl (sodium 
concentration 150 mmol/l) is suitable, and for hypo- 
natraemic patients, Hartmann’s solution (sodium con- 
centration 131 mmol/l) or lactated Ringer’s (sodium 
concentration 134 mmol/l) are the fluids of choice. Once 
the animal's intravascular volume status is restored, 
the serum sodium concentration can be returned to nor- 
mal over a period of 24—48 hours. If possible, hyper- 
natraemic patients should be encouraged to drink and 
regain their free water by that route. If the patient is vomit- 
ing or unable to drink (e.g. with neurological disease), 
free water must be administered using hypotonic fluids 
(0.45% NaCl, 5% dextrose in water). The patient's 
approximate free water deficit can be calculated: 


Free water deficit (|) = 
serum sodium concentration (patient) _ 


0.6 x current weight (kg) x 
serum sodium concentration (normal) 

This volume of free water can then be adminis- 
tered gradually over 24 hours. An example calcula- 
tion is given in Figure 5.2. Frequent monitoring of 
sodium is recommended (up to every 2—4 hours) to 
ensure that the sodium is not changing too rapidly. 
The fluid therapy plan may need to be adjusted 
frequently during this time period. 

For normo- or hypervolaemic, hyponatraemic 
patients, treatment commonly involves medical 
therapy directed at the underlying cause of the hypo- 
natraemia (Figure 5.1). If fluid therapy is required in 
these patients, careful consideration should be given 
to the underlying disease process and the reason for 
administration of fluids. In many instances a fluid with 
a sodium concentration slightly greater than the 
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6-month-old Staffordshire Bull Terrier with hypodipsia since birth 
presents with serum sodium of 190 mmol/l. Current body weight 
is 15 kg 

i 190-1 
Free water deficit = 0.6 x 15 x Ca 
Free water deficit = 2.8 | 
This should be administered over 24 hours 
If 5% dextrose in saline is used, this is equivalent to 100% free 
water, thus the rate of fluid administration would be 2800/24 = 
116 ml/h 
If 0.45% NaCl is used, this represents 50% free water, thus the rate 
of fluid administration would be (2800/24) x 2 = 233 ml/h 
Any ongoing electrolyte losses should also be taken into 
consideration, with concurrent administration of isotonic fluids if 
necessary 


cy Example of free water deficit calculation. 


patient's serum sodium is appropriate. The rate at 
which the serum sodium will change is very difficult to 
predict. As with correction of hypernatraemia, frequent 
monitoring of serum sodium is required with adjust- 
ment of the fluid therapy plan as necessary. 


Potassium 


Potassium is the most abundant intracellular cation. 
Approximately 95% of total body potassium is found 
within the cells, and intracellular potassium concentra- 
tion is approximately 140 mmol/l. Serum potassium is 
maintained within a much lower and very narrow range 
(approximately 3.5-5.5 mmol/l); this difference between 
intracellular and extracellular concentrations is vitally 
important for determining the resting membrane poten- 
tial of excitable tissues (including cardiac conduction 
tissue). Serum concentrations do not reflect whole body 
potassium levels. Translocation between the extracel- 
lular and intracellular compartments can be a cause of 
potassium abnormalities, or may be utilized during treat- 
ment. Potassium intake is principally via the gastro- 
intestinal tract and typically exceeds daily potassium 
requirements. The excess potassium is excreted mainly 
via the urinary system, with aldosterone being the prin- 
cipal hormone affecting potassium excretion in the distal 
tubule. As the potassium ion is monovalent, 1 mmol/l is 
equivalent to 1 mEq/l. 


Hyperkalaemia 


Causes 

Causes of hyperkalaemia may be divided into those that 
occur secondary to reduced renal excretion of potas- 
sium, and those that involve translocation of potassium 
from the intracellular to the extracellular compartment. 
Rarely, increased intake of potassium may lead to hyper- 
kalaemia. The differential diagnoses are shown in Fig- 
ure 5.3. Artefactual hyperkalaemia can also be caused 
by improper sample handling, especially the use of blood 
anticoagulated with EDTA for electrolyte measurement, 
or haemolysis in some breeds (e.g. Akitas) whose red 
cells have a high potassium concentration. 


Hypoadrenocorticism 

Anuric/oliguric renal failure 

Effusive disorders (pleural, peritoneal, pericardial) 
Gastrointestinal disease (e.g. trichuriasis) 


Potassium-sparing diuretics 


Massive cell death: 
Reperfusion injury following thromboembolism 
Severe trauma 
Tumour lysis syndrome 


ee Differential diagnosis of hyperkalaemia. 
Diagnoses in italics are those encountered 


most frequently in clinical practice. 


Clinical signs 

The most life-threatening consequence of hyper- 
kalaemia is its effect on myocardial conduction. Clini- 
cally this is detected by an inappropriate bradycardia 
and characteristic electrocardiogram (ECG) changes. 
As serum potassium increases, initially there is a pro- 
longed PR interval, decreased R wave amplitude and 
increased T wave amplitude. This progresses to atrial 
standstill (absent P wave) with widened QRS com- 
plexes and bradycardia (see Figure 6.12). A ‘sine 
wave’ trace may be seen shortly before asystole. A 
precise correlation between the magnitude of the 
hyperkalaemia and the ECG changes does not 
exist, as other factors (e.g. acid-base status, ionized 
calcium levels) also affect myocardial conduction. 
Treatment should therefore be based on the severity 
of the ECG changes and their clinical effects on the 
patient, rather than simply on the measured serum 
potassium level. 


Treatment 

Emergency treatment of hyperkalaemia is required 
whenever the patient has high serum potassium and 
is showing consistent clinical or ECG changes. If se- 
rum potassium cannot be measured in-house but the 
index of suspicion for hyperkalaemia is high (e.g. 
bradycardia in a patient with urethral obstruction), 
treatment could still be considered. Specific treatment 
for hyperkalaemia includes: 


* Intravenous calcium gluconate at a dose of 
0.5-1.5 ml/kg of a 10% solution. This acts 
rapidly to counteract the effects of the high 
potassium on myocardial conduction. Its effects 
last approximately 20 minutes and the dose can 
be repeated. It does not lower serum potassium 


but is the first choice therapy in severely affected 
animals due to its rapidity of action 

* Intravenous regular (soluble) insulin at a dose of 
0.25-0.5 IU/kg administered with 2 g dextrose 
per unit of insulin and followed by addition of 
2.5% dextrose to the intravenous fluids. Insulin 
acts to lower serum potassium by promoting 
potassium uptake into cells along with glucose. 
It takes about 20 minutes to have an effect. It is 
essential that intravenous fluids are 
supplemented with glucose for 12—24 hours 
following this treatment to prevent the 
development of hypoglycaemia 

* Intravenous sodium bicarbonate at a dose of 
1-2 mEq/kg. This acts to drive potassium 
intracellularly by changing plasma pH. It is 
rarely necessary and should only be used if the 
acid—base status can be monitored. 


Most patients also require intravenous fluid therapy 
with a replacement crystalloid fluid. The fluid should 
be chosen after consideration of all the patient's elec- 
trolyte abnormalities. Although Hartmann’s solution 
contains small amounts of potassium, this small dose 
is unlikely to have a clinical impact on the patient in 
comparison to the dilution produced by fluid admini- 
stration. In a recent study evaluating electrolyte 
changes in cats with urethral obstruction receiving either 
0.9% NaCl or lactated Ringer’s solution (LRS), there 
was no significant difference between fluid groups 
in the speed of correction of the potassium, but the 
acid—base status was corrected more rapidly in the 
patients receiving LRS (Cole and Drobatz, 2003). 

Alongside emergency treatment of the hyperkalae- 
mia, it is important to identify and treat the underlying 
cause. This may include placing a urethral catheter 
(urethral obstruction; see Chapter 8), surgery (uroabdo- 
men; see Chapter 12) or medical therapy (acute renal 
failure, hypoadrenocorticism; see Chapters 8 and 16 
respectively). 


Hypokalaemia 


Causes 

Hypokalaemia is a common finding in critically ill 
patients, especially those which are inappetent and 
on long-term fluid therapy. Causes include decreased 
intake, increased loss through either the kidneys or 
gastrointestinal tract, or translocation from the extra- 
cellular to the intracellular compartment. The differ- 
ential diagnoses are summarized in Figure 5.4. 


Clinical signs 

The physiological consequences of hypokalemia are 
generally less imminently life threatening than those 
associated with hyperkalaemia. Signs are typically 
non-specific and consist of weakness, lethargy, ileus 
and anorexia. In cats, ventroflexion of the neck may 
be seen. As these signs may contribute to patient 
morbidity, correction of even mild hypokalaemia is 
recommended. Severe hypokalaemia (serum potas- 
sium <2.8 mmol/l) can lead to respiratory muscle 
weakness and hypoventilation, with the potential to 
progress to respiratory paralysis and death. Potas- 
sium depletion also produces abnormalities within the 


Chapter 5 Electrolyte and acid-base balance 


: 
5 


Inappetence/ 
Long-term administration of intravenous fluid with low potassium 
concentration 


| 5.4 | Differential diagnosis of hypokalaemia. 
Diagnoses in italics are those encountered 
most frequently in clinical practice. 


kidney (hypokalaemic nephropathy), a feature of which 
is impaired responsiveness to ADH. This leads to 
polyuria and further renal potassium losses. 


Treatment 

Hypokalaemia is treated with potassium supplemen- 
tation via the oral or intravenous route. In critically ill 
patients the intravenous route is used most frequently, 
by adding potassium chloride to the intravenous 
fluids. In an anorexic patient receiving an isotonic 
replacement fluid (e.g. Hartmann’s, 0.9% NaCl) at 
maintenance rates, addition of 14-20 mmol K*/I is 
usually sufficient to maintain serum potassium levels. 
If the patient has pre-existing hypokalaemia higher 
rates of supplementation may be needed (Figure 5.5). 
All fluids to which potassium chloride has been added 
must be well mixed and clearly labelled. These fluids 
should never be administered as a bolus due to the 
potential effects of rapid intravenous potassium infu- 
sion on cardiac conduction. Potassium should not be 
infused at a rate greater than 0.5 mmol/kg/h. It is rec- 
ommended that if rates approaching 0.5 mmol/kg/h 
are used, the patient is monitored continuously with 
an ECG. If the patient is eating voluntarily or has a 


Tp Guidelines for supplementation of intravenous 
fluids with potassium chloride (KCI) for the 
treatment of hypokalaemia. 
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feeding tube in place, enteral potassium supplemen- 
tation is safe and effective. The dose of enteral potas- 
sium required is difficult to predict and monitoring of 
serum potassium is advised; a suggested initial dose 
is 0.5-1.0 mmol/kg orally twice daily. 


Chloride 


Chloride is the major extracellular anion and serum 
chloride levels generally change in a similar way to 
those of serum sodium. Treatment of the sodium ab- 
normality generally leads to concurrent resolution of 
the chloride abnormality. Chloride has an important 
role in acid-base balance due to its interactions with 
renal sodium and bicarbonate reabsorption. 


Hyperchloraemia 

Hyperchloraemia rarely requires specific treatment 
and is commonly accompanied by hypernatraemia, 
which is of greater clinical significance. The presence 
of hyperchloraemia may aid with interpretation of acid— 
base abnormalities (see Metabolic acid-base distur- 
bances, later). Artefactual hyperchloraemia may be 
seen in patients receiving potassium bromide therapy 
for seizures. These patients generally have normal 
serum sodium. 


Hypochloraemia 

Hypochloraemia is of clinical relevance principally 
because of its effects on systemic acid—base balance. 
Hypochloraemic patients are prone to developing a 
metabolic alkalosis, especially if they have concur- 
rent hypovolaemia with avid renal retention of sodium. 
As sodium is reabsorbed, the nephron must also rea- 
bsorb or regenerate anions in order to maintain 
electroneutrality. The anion reabsorbed is principally 
chloride, but in situations of chloride depletion, bicar- 
bonate (HCO.,) is regenerated instead, thus predis- 
posing the patient to the development of alkalaemia. 
Clinically this is seen in patients with severe vomiting 
that develop a significant hypochloraemic metabolic 
alkalosis. Use of 0.9% NaCl as the resuscitative fluid 
of choice in these patients will aid the restoration of 
acid—base balance, as the higher chloride concentra- 
tion allows the kidneys to excrete the bicarbonate 
whilst continuing active sodium retention. 


Calcium 


Calcium has many important extracellular and intra- 
cellular functions, as well as being a major compo- 
nent of the skeleton. Extracellular calcium consists of 
three fractions: 


* lonized calcium (iCa**). This forms about 55% of 
total calcium and is the physiologically active 
fraction. As calcium is divalent, 1 mmol/l is 
equivalent to 2 mEq/l 

* Complexed calcium. This forms about 10% of 
total calcium and consists of calcium complexed 
to anions such as citrate, lactate and bicarbonate 

* Protein-bound calcium. This forms about 35% of 
total calcium. 
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The total calcium value reported by most biochem- 
istry laboratories represents all three fractions, whereas 
blood gas machines more commonly measure the ion- 
ized calcium fraction. It is important to know which com- 
ponent has been measured when interpreting calcium 
abnormalities. Ideally the ionized calcium should be 
measured, as this is the biologically active component. 
Although equations have been suggested to predict 
the ionized calcium concentration from the total cal- 
cium value and serum albumin, they are not accurate 
and are not recommended (Schenk and Chew, 2005). 

Calcium intake is principally via the gastrointesti- 
nal tract, with excretion via the kidneys. Calcium stored 
in bone can also be mobilized in response to hypo- 
calcaemia. Three hormone systems are involved prin- 
cipally with calcium homeostasis: 


+ Parathyroid hormone (PTH). A peptide hormone 
secreted by the parathyroid gland, PTH leads to 
increased plasma iCa** by reducing renal 
calcium excretion, increasing bone resorption 
and increasing calcium absorption from the 
gastrointestinal tract (via calcitriol). Parathyroid 
hormone-related peptide (PTHrP) is a PTH-like 
substance that is secreted by some tumours and 
is often responsible for the humoral 
hypercalcaemia of malignancy 

* Calcitonin. A peptide hormone secreted by the 
C cells of the thyroid gland leading to decreased 
iCa®™ by inhibiting bone resorption 

e Calcitriol (1,25-dihydroxycholecalciferol). A 
steroid hormone manufactured in the kidneys in 
response to increased PTH, calcitriol acts to 
increase iCa** by increasing gastrointestinal 
absorption and bone resorption. 


Hypercalcaemia 


Causes 

The causes of hypercalcaemia may be divided into 
those in which the ionized calcium is elevated (Figure 
5.6) and those in which the total calcium is elevated 
but the ionized calcium is normal. The latter situation 
may occur due to increases in the protein-bound frac- 
tion (increased albumin with dehydration) or increases 


Neoplasia: 
Lymphoma 
Anal sac adenocarcinoma 
Multiple myeloma 
Mammary gland adenocarcinoma 
h yroidism 


ED Differential diagnosis for ionized 
hypercalcaemia. Diagnoses in italics are those 


encountered most frequently in clinical practice. 


in the complexed fraction (e.g. in chronic renal failure 
because there is an increase in many of the anions 
with which calcium forms complexes). Young grow- 
ing animals have a mild physiological ionized hyper- 
calcaemia. Emergency treatment for hypercalcaemia 
is warranted only if the ionized calcium is increased. 


Clinical signs 

Clinical signs of hypercalcaemia are often vague and 
non-specific. Typically patients are inappetent (or ano- 
rexic), lethargic and polyuric/polydipsic. Vomiting, con- 
stipation, cardiac dysrhythmias and muscle twitching 
are less common clinical signs. The increased cal- 
cium affects the kidney’s ability to respond to ADH (a 
form of nephrogenic diabetes insipidus) therefore 
patients may have a prerenal azotaemia with relatively 
dilute urine. If the hypercalcaemia is prolonged, se- 
vere and/or associated with a high phosphate, soft 
tissue mineralization of several organs may occur. 
Renal mineralization leads to the development of re- 
nal failure which is the most serious complication of 
untreated hypercalcaemia. 


Treatment 

Treatment should be instituted if the animal has a high 
iCa** and/or is showing clinical signs related to the 
hypercalcaemia. Soft tissue mineralization is more 
likely to occur if the total calcium (mmol/l) x phospho- 
rus (mmol/l) product is >5 (>60 if these electrolytes 
are measured in mg/dl, US), and aggressive treat- 
ment should be used in these animals to reduce the 
risk of renal failure. Treatment options include: 


* Fluid diuresis with 0.9% NaCl at 4—6 ml/kg/h. 
The high renal sodium load promotes calciuresis 

* Furosemide at 1-2 mg/kg every 6—12 hours to 
promote renal calcium excretion. This diuretic 
should only be used after dehydration has been 
corrected with fluid therapy 

* Salmon calcitonin at a dose of 4-7 IU/kg s.c. 
q6-8h. As salmon calcitonin is a foreign antigen, 
there is a theoretical risk of anaphylaxis, 
especially with multiple doses 

* Bisphosphonates, which act to reduce bone 
resorption. The dose depends on the preparation 
used and is not well defined in small animal 
species. The author has used clodronate at 
10 mg/kg diluted in 0.9% NaCl as a slow infusion 
over 4—6 hours, with success in reducing iCa** 
and minimal apparent side effects 

* Peritoneal dialysis or haemodialysis for life- 
threatening hypercalcaemia 

* Glucocorticoids at anti-inflammatory doses. 
Glucocorticoids act by several mechanisms to 
reduce serum calcium; however they may also 
interfere with tests necessary to diagnose the 
underlying cause, and therefore compromise 
future treatment options. It is recommended that 
they are only used once the diagnostic 
evaluation has been completed. 


Saline diuresis and furosemide are successful in 
controlling hypercalcaemia in the short term in the 
majority of patients. Long-term treatment relies on 
identification of the underlying cause with appropriate 
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specific treatment. Diagnostic tests to be considered 
include a thorough physical examination (including 
rectal examination), toxicological history, thoracic and 
abdominal imaging, aspiration of any masses or en- 
larged lymph nodes, PTH and PTHrP levels, bone 
marrow aspirate and tests for infectious diseases as 
suggested by geographical location. Specific treat- 
ment may involve surgery (e.g. to remove a parathy- 
roid tumour), chemotherapy or treatment of infectious 
disease. The prognosis depends on the underlying 
disease. Patients that have already developed renal 
failure secondary to hypercalcaemia have a poorer 
prognosis. The hypercalcaemia seen with vitamin D 
toxicosis tends to carry a poor prognosis as it is 
typically of high magnitude, of long duration and is 
associated with high serum phosphorus. 


Hypocalcaemia 


Causes 

As with hypercalcaemia, it is important to assess 
whether hypocalcaemia represents an ionized hypo- 
calcaemia (which may lead to clinical signs) or a total 
hypocalcaemia related to a low serum albumin con- 
centration. Causes of ionized hypocalcaemia are 
shown in Figure 5.7. Artefactual hypocalcaemia can 
be caused by improper sample handling, especially 
testing using blood anticoagulated with EDTA. 


Phosphate enema 
Rapid or massive administration of blood products (citrate 


toxicity) 
Rapid administration of phosphate-containing fluids 


Hypomagnesaemia 
Hypovitaminosis D 


Differential diagnosis of ionized 
hypocalcaemia. Diagnoses in italics are those 


encountered most frequently in clinical practice. 


Clinical signs 

Low serum iCa** leads to increased excitability of 
neuromuscular tissue. Common clinical signs include 
muscle tremors, facial rubbing, behavioural change, 
stiff gait, panting and hyperthermia. If severe, the 
patient may exhibit tetany, ECG changes (prolonged 
QT interval) and hypotension. Ultimately severe hypo- 
calcaemia can cause respiratory arrest and death. 


Treatment 

In the patient presenting with signs of tetany, urgent 
treatment with intravenous calcium is warranted. Cal- 
cium gluconate (10%) is given slowly intravenously 
to effect. The typical dose is 0.5-1.5 ml/kg adminis- 
tered over 10—20 minutes. Patients should be moni- 
tored by ECG during administration, if possible. The 
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infusion should be discontinued if the patient becomes 
bradycardic or develops a short QT interval. If an ECG 
is not available, pulse quality and heart rate should 
be monitored closely. Following resolution of the im- 
mediate crisis, supplementation with calcium 
gluconate can be continued if necessary as an intra- 
venous infusion of 5-15 mg elemental calcium/kg/h. 
Calcium gluconate can be diluted 1:1 with 0.9% NaCl 
and administered as a subcutaneous dose, however 
this is not recommended routinely as there is a risk of 
localized tissue necrosis/mineralization. 

Calcium chloride is an alternative formulation, but 
it is caustic and should only be administered with ex- 
treme care intravenously and never subcutaneously. 
Calcium gluconate contains 9.3 mg elemental calcium 
per ml whereas calcium chloride contains 27.2 mg 
elemental calcium per ml. If the underlying cause of 
hypocalcaemia cannot be resolved, chronic manage- 
ment with oral vitamin D or calcium supplementation 
may be required. 


Magnesium is measured less frequently than the other 
electrolytes; however a small number of clinical stud- 
ies have shown magnesium abnormalities to be 
present in a high proportion of critically ill dogs and 
cats (Martin et al., 1994; Toll et al., 2001). In human 
medicine hypomagnesaemia is one of the most com- 
monly seen electrolyte disturbances in critically ill 
patients. Magnesium has a role in many intracellular 
processes including the synthesis and degradation of 
DNA, oxidative phosphorylation and the production 
of second messengers (e.g. CAMP). It is also impor- 
tant for normal cardiac and neuromuscular function 
and is involved with potassium regulation at the level 
of the kidney (Bateman, 2006). Clinical signs associ- 
ated with hypomagnesaemia include refractory hypo- 
kalaemia, cardiac conduction disturbances and 
increased neuromuscular excitability. The incidence 
and clinical importance of these signs has yet to be 
determined in small animal patients, however normali- 
zation of serum magnesium levels is recommended if 
serum magnesium is low and one or more compat- 
ible clinical signs are present. Magnesium sulphate 
or magnesium chloride should be administered as a 
slow intravenous infusion at a dose of 0.375—0.5 mmol/ 
kg/day. As the magnesium ion is divalent, 1 mEq is 
equivalent to 0.5 mmol. 

Magnesium is excreted through the kidneys, there- 
fore hypermagnesaemia is most commonly seen in 
patients with reduced glomerular filtration rate, and 
generally does not require specific treatment. 
Hypermagnesaemia associated with iatrogenic over- 
dose has been reported (Jackson and Drobatz, 2004). 


Acid-base abnormalities 
Maintenance of pH within a strict range is essential for 
normal cellular function, as many intracellular enzymatic 


processes are pH-dependent. On a daily basis, the 
body produces large amounts of both carbon dioxide 
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(so called volatile acid) as a by-product of the metabo- 
lism of carbohydrate and fat, and hydrogen ions (H*) 
as a by-product of the metabolism of proteins and 
phospholipids. The carbon dioxide is excreted through 
the lungs and the hydrogen ions are excreted through 
the kidneys. Carbon dioxide is an acid in solution due 
to its ability to combine with water, in the presence of 
carbonic anhydrase, to produce carbonic acid: 


CO, + H,O & H.CO, & H* + HCO, 


To facilitate handling of the daily acid load, the body 
has several buffer systems, the most important of 
which is bicarbonate. Other buffers include haemo- 
globin and plasma proteins. Bicarbonate is constantly 
regenerated and added back to the circulation by the 
kidneys. Many pathological processes affect the 
body's ability to maintain a normal pH. 

Measurement of acid—base status in emergency 
and critically ill patients has many uses including: 


* Early identification of some diagnoses, e.g. 
ketoacidosis in a vomiting patient with an 
unexplained metabolic acidosis 

* Production and refinement of complete problem 
and differential diagnosis lists 

* Monitoring response to therapy, e.g. resolution 
of lactic acidosis in a patient with hypovolaemic 
shock following appropriate fluid therapy 

« Prompting specific treatment when the acid- 
base abnormality is severe enough to be life 
threatening, e.g. starting (or increasing) artificial 
ventilation on patients with severe hypercarbia 
(P,CO, >60 mmHg) 

* Optimizing therapy for an individual patient, e.g. 
choice of 0.9% NaCl as opposed to a fluid with 
lower chloride concentration for use in a patient 
with a hypochloraemic metabolic alkalosis. 


Interpretation of acid-base abnormalities is often 
regarded as challenging and there is ongoing debate 
about the best way to interpret results in patients with 
complex acid—base disturbances. However, for the 
majority of patients the traditional approach to blood 
gas interpretation, utilizing pH, pCO, and bicarbon- 
ate (or base excess) provides sufficient information 
for effective clinical use. 


Definitions 


* pH: a familiar measure of acidity/alkalinity 
calculated as the negative log of the hydrogen 
ion concentration. 

* Acidaemia: blood pH <7.35. 

* Alkalaemia: blood pH >7.45. 

* Acidosis: a process that tends to lead to 
acidaemia. It may not result in acidaemia if there 
is adequate compensation, or if there is a 
concurrent process tending to lead to 
alkalaemia. 

* Alkalosis: a process that tends to lead to 
alkalaemia. It may not result in alkalaemia if 
there is adequate compensation or if there is a 
concurrent process tending to lead to acidaemia. 


Respiratory acidosis/alkalosis: where the process 
leading to the acid—base disturbance involves 
abnormalities of the concentration (partial 
pressure) of the volatile acid carbon dioxide. 
Metabolic acidosis/alkalosis: where the process 
leading to the acid-base disturbance involves 
abnormalities of acid/alkali other than carbon 
dioxide. 

Base excess (BE): a calculated value that is a 

reflection of the non-respiratory portion of 

acid—base balance. It takes into account all of 
the body’s buffer systems and is closely (but not 
linearly) related to bicarbonate. A negative value 
indicates the presence of a metabolic acidosis 
whereas a positive value indicates the presence 
of a metabolic alkalosis. 

Compensation: mechanisms by which the body 

attempts to maintain a normal pH despite 

disturbances in the acid—base status. With a 

primary metabolic acid—base disturbance, 

compensation is via the respiratory system, with 
alterations in ventilation and the excretion of 
carbon dioxide. This respiratory compensation 

occurs very rapidly over minutes to hours. With a 

primary respiratory acid-base disturbance, there 

is compensation on the metabolic side, by 
alterations in the excretion of acid load through 
the kidneys. This metabolic compensation 
occurs gradually over days. Compensation can 
be very effective and may return the pH to within 
the normal range. Importantly, 
overcompensation never occurs. 

Primary acid—base disturbance: the initial 

(usually the most severe) disturbance in 

acid-base status. Primary acid-base 

disturbances may be accompanied by 
compensatory changes. Examples might 

include a cat with urethral obstruction and a 

primary metabolic acidosis secondary to 

reduced renal excretion of the daily acid load. 

This cat may also be tachypnoeic as acidosis 

leads to an increase in minute ventilation, 

producing a compensatory respiratory alkalosis. 

Mixed acid-base disturbances: more than one 

primary acid—base disturbance occurring 

concurrently. Examples might include: 

— A patient with pneumonia and septic shock. 
This patient may have a respiratory alkalosis, 
as it increases ventilation to try to maximize 
oxygenation, and a metabolic (lactic) acidosis 
secondary to the septic shock and 
inadequate tissue perfusion 

— A dog with pyloric obstruction and vomiting 
of gastric contents, which is also in 
hypovolaemic shock. This patient may have a 
metabolic alkalosis secondary to vomiting of 
hydrochloric acid-rich stomach contents, and 
a metabolic (lactic) acidosis secondary to 
hypovolaemic shock and reduced tissue 
perfusion. This patient may have a normal pH 
at presentation because the two primary 
processes balance each other out, but could 
become significantly alkalaemic as the shock 
is treated with intravenous fluids. 
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Approximate reference values for acid—base para- 
meters in arterial blood are shown in Figure 5.8. 
Venous blood differs slightly because carbon dioxide 
produced by tissue metabolism has been added as it 
passes through the capillary bed, therefore venous 
blood tends to have a slightly lower pH and higher 
pCO.. In all situations other than complete circulatory 
collapse venous blood is considered to be adequate 
for assessment of acid-base status (Ilkiw et al., 1991). 


( 5.8 | Approximate normal values for acid-base 
parameters in arterial blood (based on 
Haskins, 1983). 


Respiratory acid-base disturbances 

Respiratory acid-base disturbances occur secondary 
to alterations in the concentration (partial pressure) 
of carbon dioxide (pCO,) in the blood. Because car- 
bon dioxide is an acid in solution, an increase in pCO, 
leads to a respiratory acidosis and a decrease in pCO, 
leads to a respiratory alkalosis. As blood levels of 
carbon dioxide are determined by the state of alveo- 
lar ventilation, the causes of respiratory acidosis and 
alkalosis are identical to those for hypo-and hyper- 
ventilation respectively. These are summarized in Fig- 
ure 5.9 and discussed in more detail in Chapter 7. In 
animals with chronic respiratory acid-base distur- 
bances the kidneys can compensate by altering net 
acid excretion and bicarbonate resorption. Treatment 
for respiratory acid-base disturbances involves reso- 
lution of the underlying problem or, if severe, intuba- 
tion with mechanical ventilation to normalize pCO,. 
Bicarbonate should not be administered to patients 


( 5.9 | Causes of respiratory acid-base disturbances. 
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with severe respiratory acidosis. In this situation, bi- 
carbonate is ineffective in improving the acidosis (and 
may actually worsen acidosis) as the patient is un- 
able to excrete the carbon dioxide formed as the bi- 
carbonate combines with hydrogen ions. Bicarbonate 
administration also has the theoretical potential to 
cause several detrimental effects, including worsen- 
ing hypoxaemia, paradoxical cerebrospinal fluid (CSF) 
acidosis and hypotension. 


Metabolic acid—base disturbances 
Metabolic acid—base disturbances occur as a result 
of alterations in the non-volatile (i.e. non-carbon 
dioxide) acids in the blood. A metabolic alkalosis 
implies that acid has been lost from the body. A 
metabolic acidosis implies that an acid has been 
added or generated within the body, or that bicar- 
bonate has been lost from the body. The anion gap 
can be used to help determine whether a metabolic 
acidosis was caused by addition of an acid or by 
loss of bicarbonate. The anion gap is calculated 
using the following formula: 


Anion gap = ([Na*] + [K*]) - ({Cr] + [HCO,7]) 


The body must maintain electroneutrality (i.e. the 
number of cations in the body must equal the number 
of anions). The total number of cations in blood in- 
cludes sodium, potassium and others, for example 
calcium and magnesium, which are not included in 
this equation and are therefore termed ‘unmeasured’. 
Similarly, a number of ‘unmeasured’ anions are not 
included in this equation, for example sulphates and 
phosphates. The presence of a small anion gap in 
normal animals simply tells us that there are more 
unmeasured anions (UA) than unmeasured cations 
(UC). A normal anion gap is 10-27 in cats and 8-25 
in dogs. An acidosis with a normal anion gap implies 
that no additional unmeasured anions are present in 
the blood, thus loss of bicarbonate is the cause of the 
acidosis. Conversely, an acidosis with a high anion gap 
implies the presence of an unmeasured anion (e.g. 
lactate, ketones, salicylate) and hence addition or 
generation of an acid within the body (Figure 5.10). 

Causes of metabolic acid—base disturbances are 
summarized in Figure 5.11. Respiratory compensa- 
tion for primary metabolic disturbances occurs rap- 
idly and is often very effective, therefore the plasma 
pH may be close to normal. Treatment for metabolic 
acid—base disturbances involves resolution of the 
underlying problem (e.g. fluid therapy for lactic acido- 
sis, insulin therapy for ketoacidosis). In animals with 
severe metabolic acidosis (pH <7.2) in which the pri- 
mary disturbance cannot be resolved quickly, it may 
be necessary to administer bicarbonate. The bicar- 
bonate deficit is calculated as below: 


Bicarbonate deficit = body weight (kg) x base excess x 0.3 


One third of the calculated deficit is administered 
by slow intravenous infusion over 15-30 minutes and 
the acid-base status is reassessed. The remainder 
can be added to the patient's intravenous fluids and 
delivered over a period of hours if necessary. 
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Gp Schematic representation of the use of the 
anion gap for determining the cause of 
metabolic acidosis. Because plasma electroneutrality 
must be maintained, the total number of cations must 
equal the total number of anions. (a) A normal dog, in 
which the anion gap represents the difference between 
the unmeasured cations (UC) and the unmeasured 
anions (UA). (b) A patient with a metabolic acidosis 
secondary to loss of bicarbonate. As no other anions 
have been added to the body, chloride is increased so 
electroneutrality is maintained and the patient has a 
normal anion gap (or hyperchloraemic) acidosis. 

(c) A patient in which the acidosis is caused by addition 
of an acid (i.e. anion) to the body (e.g. lactate or 
phosphate). This anion is buffered by bicarbonate which 
decreases, but as another anion is present chloride does 
not change. This represents a high anion gap (or 
normochloraemic) acidosis. 


High anion gap (normochloraemic) 
Diabetic ketoacidosis 


Lactic acidosis 
Uraemic acidosis 


Toxins (e.g. ethylene glycol, salicylates) 
Normal anion gap (hyperchloraemic) 
Diarrhoea 


Renal tubular acidosis : 
Drugs (e.g. carbonic anhydrase inhibitors) 
Dilutional acidosis 


TD Causes of metabolic acid-base disturbances. 
Diagnoses in italics are those encountered 
most frequently in clinical practice. 


Interpreting acid—base results 

Interpretation of acid—base results involves integrat- 
ing the information provided by the pH, PCO, and base 
excess (or bicarbonate). All three parameters should 
be looked at every time an acid-base panel is re- 
viewed. Electrolyte values are also essential for full 
interpretation, especially of metabolic acidosis. The 
following points should be used when interpreting 
acid—base results in clinical patients. Expected pat- 
terns are summarized in Figure 5.12. 


1. Look at the pH: 

* Is it acidaemic (pH <7.4), alkalaemic (pH > 
7.4) or normal (pH approximately 7.4)? 

2. If acidaemia is present, determine whether it is 
respiratory or metabolic in origin: 

* If PCO, >45 mmHg, there is a primary 
respiratory acidosis 

* If BE is negative (or bicarbonate <18 mEq/l), 
there is a primary metabolic acidosis. 

3. If alkalaemia is present, determine whether it is 
respiratory or metabolic in origin: 

* If PCO, <33 mmHg, there is a primary 
respiratory alkalosis 

* If BE is positive (or bicarbonate >24 mEq/l), 
there is a primary metabolic alkalosis. 

4. Following on from point 2 or 3 above, assess 
whether the patient has evidence of compensation, 
and whether this appears to be adequate. 
Expected compensation for primary acid—base 


disturbances is shown in Figure 5.13. Inadequate 


compensation may be because there has been 
insufficient time for compensation, or because 
there is a second primary acid—base process 
that is preventing the expected compensation. 
5. If pH is normal, look at PCO, and BE: 
* If both PCO, and BE are abnormal, the 
patient has either a fully compensated 


Metabolic acidosis 


Respiratory acidosis 
Respiratory alkalosis 
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acid—base disturbance or two primary 
processes that are effectively cancelling 
each other out. These scenarios can be 
difficult to distinguish. Clinical information 
may be helpful. Also remember that 
overcompensation does not occur. In most 
patients with a fully compensated acid—base 
disturbance the pH will be only just within the 
normal range, and the direction of deviation 
from 7.4 will indicate the primary process 

* If both PCO, and BE are normal, then either 
the patient is normal or the patient has a 
primary metabolic acidosis and a concurrent 
primary metabolic alkalosis. Along with the 
clinical picture, the patient's electrolytes 
should help identify the latter group, as they 
will almost always be hypochloraemic. 


Examples of acid-base disturbances, explanations 
of interpretation and major differential diagnoses to 
consider are given below. 


Gp Expected patterns of acid-base parameter changes in patients with primary acid-base disturbances. Trends 
in parentheses indicate a compensatory response (BE, base excess). 


Metabolic acidosis 0.7 mmHg decrease in PCO, for each 1 mEq/l decrease in (HCO; ] 
Metabolic alkalosis 0.7 mmHg increase in PCO, for each 1 mEg/l increase in [HCO;] 
Acute respiratory acidosis 1.5 mmol increase in [HCO;] for each 10 mmHg increase in PCO, 
Chronic respiratory acidosis 3.5 mmol/l increase in [HCO;] for each 10 mmHg increase in PCO, 
Acute respiratory alkalosis 2.5 mmol/l decrease in [HCO,;] for each 10 mmHg decrease in PCO, 
Chronic respiratory alkalosis 5.5 mmol/l decrease in [HCO,"] for each 10 mmHg decrease in PCO, 


To Expected renal and respiratory compensation for primary acid-base disturbances in dogs (modified from 
DiBartola, 2006a). 
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Conclusion 

Acid—base disturbances occur frequently in critically 
ill patients. In many circumstances, treatment of the 
underlying disease leads to resolution of the acid— 
base problem, and improvement in pH can be a sign 
that treatment is succeeding. In more complex cases, 
an understanding of acid—base physiology and ability 
to interpret blood gas parameters can lead to improved 
patient care both in terms of completeness of the di- 
agnostic evaluation and optimization of the treatment 
plan for that individual patient. 
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Cardiovascular emergencies 


Rebecca L. Stepien and Adrian Boswood 


Introduction 


Emergencies involving the cardiovascular system in- 
clude primary abnormalities of the heart, and extra- 
cardiac abnormalities that have a direct effect on cardiac 
function. Primary cardiac abnormalities include im- 
paired function or damage to the heart muscle (e.g. 
cardiomyopathies or thoracic trauma), abnormal flow 
patterns within the heart (e.g. valvular regurgitation) or 
primary rhythm abnormalities (e.g. ventricular tachy- 
cardia). Extracardiac abnormalities affecting cardiac 
output may include pericardial effusion, systemic hyper- 
tension, thrombosis, or metabolic abnormalities, espe- 
cially those involving electrolyte disorders. 


Initial assessment of the 
cardiovascular system 


Emergency presentation of patients with clinical signs 
of cardiovascular disease usually necessitates a quick 
but thorough assessment and rapid, decisive action. 


Recognition of clinical signs and physical findings that 
are typical of various cardiovascular abnormalities 
should lead to appropriate ancillary cardiac testing. 
Many critically ill patients have abnormal findings on 
examination of the cardiovascular system, but differ- 
entiating whether cardiac abnormalities are a result 
of cardiac disease or secondary to abnormalities of 
other systems can be difficult. Clinical findings typical 
of cardiovascular disease with possible cardiac and 
non-cardiac causes are listed in Figure 6.1. 


Physical examination 

Physical examination of the critically ill cardiac patient 
involves rapid accumulation of numerical data as well 
as subjective assessment of physical examination find- 
ings. Historical findings typical of emergency cardio- 
vascular patients include dyspnoea, collapse, syncope, 
cough, cyanosis or signs of peripheral thromboembo- 
lism (primarily in cats). When these historical findings 
are accompanied by physical examination findings 
supportive of cardiovascular disease (Figure 6.2), 
further cardiovascular testing is warranted. 


Clinical finding Possible cardiac causes Non-cardiac causes 
Dyspnoea Pulmonary oedema Primary respiratory disease 
Pleural effusion Airway obstruction 
Pericardial effusion Pulmonary thromboembolism 
Acid-base disorders 
Pain/anxiety 
Pulmonary hypertension 
Cough (dogs) Left atrial enlargement Primary respiratory disease 
Severe pulmonary oedema Pyothorax 
Cough (cats) Rarely associated with CHF Primary respiratory disease 
Feline asthma/bronchial disease 
Cyanosis Severe pulmonary oedema Airway obstruction 
Right-to-left shunt (congenital heart disease) Severe respiratory disease 
Methaemoglobinaemia 
Ascites Right-sided CHF Hypoproteinaemia 
Caudal vena cava obstruction Portal hypertension 
Abdominal distention secondary to gastric dilatation-volvulus 
Peritonitis 
Peritoneal haemorrhage 
Heart murmur Valvular disease Anaemia (PCV <25%) 


Myocardial disease 
Congenital heart defects 


‘Innocent’ murmurs (dogs <16 weeks old) 
Pyrexia 


Cardiac and non-cardiac causes of abnormal cardiovascular clinical findings. Lists are not all-inclusive 
(CHF, congestive heart failure; PCV, packed cell volume). (continues) > 
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PP Pes 
viinical finding — 
Recaps aiteead lobe ms 


Dysrhythmias 


Syncope or collapse 
Inappropriate drug therapy 
Pericardial effusion 
Sinus tachycardia Hypotension due to decreased cardiac output 
Sympathetic activation associated with CHF 
Ectopic tachycardias | Primary myocardial disorder/trauma 
Myocardial hypoxia 
Bradycardia 


Hypoglycaemia 

Electrolyte disorders 

Anaemia 

Neurological disorders 
Musculoskeletal abnormalities 


Shock/blood loss 
Dehydration (severe) 
— or hyperthermia 


Systemic hypoxia 

Acid-base disorders 

Electrolyte disorders 
i 


Sepsis 
Drug toxicity 
Autonomic nervous system abnormalities 


Sick sinus syndrome High vagal tone 
Atrioventricular block Hyperkalaemia or other electrolyte disturbances 


Peripheral paresis Systemic thromboembolism Musculoskeletal abnormalities 
Neurological disorders 


Peripheral oedema Severe right-sided or biventricular CHF 


Hypoproteinaemia 
Vasculitis 
Lymphatic disorder 
Vascular obstruction 


XD (continued) Cardiac and non-cardiac causes of abnormal cardiovascular clinical findings. Lists are not 
all-inclusive (CHF, congestive heart failure; PCV, packed cell volume). 


Tachycardia or bradycardia 
Kopia rhythm accompanied by pulse 


Heart rate and rhythm 


Respiratory rate and | Elevated respiratory rate 
character Dyspnoea or shallow breathing 
Panting (cats) 


Thoracic auscultation | Gallop rhythm 


Heart murmur 


monary 
Increased large airway sounds 
Muffled respiratory sounds (pleural effusion) 
Spontaneous cough (dog) 
Fluid wave or abdominal fluid distension 
accompanied by jugular distension 
Hepatomegaly 


Abdominal 
assessment 


Peripheral vascular 
assessment 


Weak or bounding pulses 
Pulse deficits 

Jugular distension 
Jugular pulsation 


Cyanosis 
Slow capillary refill time 


Peripheral paresis accompanied by 
pulselessness 

Peripheral oedema accompanied by other 
signs of right-sided or biventricular CHF 


Other 


es) Physical findings associated with cardiovascular 
disease (CHF, congestive heart failure). 


Electrocardiography 

Electrocardiographic recordings are crucial in the 
diagnosis and therapy of cardiac dysrhythmias. All un- 
stable emergency patients should have an electrocar- 
diogram (ECG) recorded as a baseline assessment 


regardless of suspected illness. On physical examina- 
tion, sinus tachycardia accompanied by weak pulses 
due to hypovolaemic shock may be indistinguishable 
from the same findings when caused by ventricular 
tachycardia, yet ventricular tachycardia might need to 
be treated directly with anti-dysrhythmic medications, 
whereas sinus tachycardia due to shock-related hypo- 
tension usually resolves with fluid therapy. Animals with 
accelerated idioventricular rhythms, second-degree 
heart block and junctional tachycardias due to digitalis 
intoxication may each have heart rates within accepted 
normal ranges, but ECG recognition of these abnor- 
malities may provide critical diagnostic information. 

In stable patients, a baseline ECG recording is rec- 
ommended in order to provide evidence of admission 
status for comparison in case of dysrhythmia develop- 
ment later during hospitalization. For patients suspected 
of having cardiovascular disease, the ECG provides 
not only a quick assessment of rhythm status, but also 
provides information regarding conduction abnormali- 
ties and limited information about cardiac size. 

Recording of the ECG in the critically ill patient 
should involve as little patient stress as possible. Lead 
ll ECG recordings are usually adequate for rhythm 
diagnosis, but multiple leads may be necessary to 
allow scrutinization of individual recordings for the 
presence of P waves, or to better recognize rhythm 
disorders in patients in which complexes are smaller 
than usual. Recordings for rhythm analysis may be 
taken with the patient in any position; sternal recum- 
bency is often the most comfortable for dyspnoeic 
patients. Electrocardiographic coupling gel, rather than 
alcohol (i.e. spirits), should be used to moisten the lead 
contact points, to avoid inadvertent ignition if emergency 
use of defibrillation paddles becomes necessary. 


Arterial blood pressure 

Arterial blood pressure (ABP) measurement is useful 
in the assessment of cardiovascular function and is 
included in the initial assessment of many emergency 
patients. Methods of blood pressure assessment are 
discussed in Chapter 3. Indirect blood pressure meas- 
urement systems (e.g. Doppler sphygmomanometric 
or oscillometric methods) are useful to document high 
blood pressure in patients with systemic hypertension, 
but are less useful in hypotensive patients where re- 
peatable detection of a distal limb pulse may be diffi- 
cult. Invasive methods of monitoring blood pressure 
involve placement of an arterial catheter (see Chap- 
ter 2) and are more accurate than non-invasive meth- 
ods when blood pressure is low. The dorsal pedal 
artery is accessible and can be catheterized in most 
dogs following local anaesthetic infiltration (e.g. lido- 
caine); cats may require a femoral arterial surgical 
‘cut-down’ to establish an arterial line. Once arterial 
access is established, baseline blood pressure is re- 
corded, and continuous blood pressure monitoring can 
be used throughout initial therapy. 

Dogs and cats are generally considered to be 
hypotensive when they have a systolic pressure of 
less than 90 mmHg, a mean arterial pressure less 
than 60 mmHg and/or a diastolic pressure less than 
50 mmHg. In animals with heart failure it may be de- 
sirable to maintain mean arterial pressure (MAP) be- 
tween 70 and 80 mmHg; this provides decreased 
afterload but preserves adequate blood pressure to 
perfuse end organs. In the heart failure patient, blood 
pressure may be increased by administration of posi- 
tive inotropes (with or without addition of fluid therapy) 
and treatment of dysrhythmias, while blood pressure 
may be decreased by the use of vasodilating drugs. 


Central venous pressure 

Measurement of central venous pressure (CVP) is 
used to estimate the filling pressure of the right side 
of the heart (i.e. right atrial pressure). CVP is meas- 
ured and monitored using a catheter placed into the 
cranial vena cava or right atrium via the jugular vein 
(see Chapters 2 and 4). Low CVP is usually a result 
of hypovolaemia, and high CVP may result from 
increased intravascular volume, decreased cardiac 
output in a normovolaemic patient, or right-sided con- 
gestive heart failure (CHF). CVP can also be used to 
monitor volume status in non-cardiogenic shock dur- 
ing an intravenous fluid challenge. If cardiac disease 
is suspected, or if initial CVP measurements are el- 
evated, fluid boluses should be avoided. 


Elevated central venous pressure 

Elevated CVP (reflecting elevated right atrial pressure) 
indicates failure of the right ventricle (RV) to pump the 
volume of blood presented during ventricular filling 
adequately. This may be due to increased intravascu- 
lar volume (e.g. fluid overload) or right-sided cardiac 
abnormalities. In cardiac patients, elevated CVP reflects 
RV inflow abnormalities (e.g. tricuspid valve insuffi- 
ciency/stenosis, pericardial tamponade), primary myo- 
cardial disease or RV outflow obstruction (e.g. pulmonic 
stenosis, pulmonary hypertension, pulmonary throm- 
boembolism). Some abnormalities are co-existent 
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(e.g. right-sided congestive heart failure (CHF) second- 
ary to severe tricuspid insufficiency). Notably, pulmon- 
ary arterial hypertension leading to elevations in CVP 
may be due to left ventricular failure and elevated left 
atrial pressure; CVP may therefore be serially moni- 
tored to judge the efficacy of therapy for left heart fail- 
ure. CVP monitoring is not as sensitive to elevations in 
left atrial pressure as pulmonary arterial wedge pres- 
sure monitoring, but is easier to maintain in clinical 
veterinary patients. In cases of acute CHF, therapy in- 
volves controlled volume depletion of the patient, and 
serial CVP measurement allows the clinician to follow 
decreases in right atrial pressure while avoiding ex- 
cessive dehydration. The target CVP to maintain opti- 
mal cardiac output without leading to fluid overload is 
approximately 10-15 cmH.O or 7—11 mmHg in dogs, 
and 5-7 cmH.O or 3—4 mmHg in cats. 


Decreased central venous pressure 

Decreased CVP usually reflects hypovolaemia. Patients 
with heart disease may have concurrent hypovolae- 
mia contributing to their clinical signs. In animals with 
heart disease and signs of low output (exercise intol- 
erance, collapse, slow capillary refill time), a hypovol- 
aemic component to the poor output is suspected 
when there is a low CVP and no congestive signs. 
These patients may benefit from cautious fluid therapy 
with serial CVP monitoring to document increases 
in right atrial pressure. The aim is to restore CVP to 
within or slightly above normal range, to optimize ven- 
tricular filling. 


Pulmonary artery wedge pressure 
Pulmonary artery wedge pressure is measured using 
a balloon-tipped catheter in the main pulmonary artery. 
In veterinary patients, the catheter is usually introduced 
via the jugular vein and advanced through the RV to 
the main pulmonary artery using typical pressure trac- 
ings or fluoroscopic guidance. When the balloon is 
deflated, the pressure measured is the main pulmon- 
ary artery pressure, but when the balloon is inflated 
and carried by blood flow to ‘wedge’ in a smaller pul- 
monary artery, the ‘wedge pressure’ recorded is roughly 
equal to left atrial pressure. Pulmonary artery wedge 
pressure measurements are an accurate reflection of 
left ventricular filling pressures, and may be used seri- 
ally to monitor the efficacy of CHF therapy in reducing 
left atrial pressure. In many clinical cases of acute CHF 
in veterinary patients, dyspnoea and patient anxiety 
are limiting factors for patient manipulation. In these 
cases, fast and accurate placement of a balloon-tipped 
catheter can be difficult. Since continuous monitoring 
of pulmonary artery wedge pressure is not commonly 
available in most veterinary clinics, other methods of 
monitoring will be emphasized here. 


Arterial blood gases 

Arterial blood gas analysis is helpful in the respiratory 
management of patients with dyspnoea due to CHF. 
Hypoxia (P,O, <80 mmHg on room air), arterial 
desaturation as measured by pulse oximetry (arterial 
oxygen saturation <90% on room air) and hyperventi- 
lation (P,CO, <35 mmHg) are consistent with respira- 
tory impairment related to pulmonary oedema. In 
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patients with fulminant pulmonary oedema, P,O, is 
frequently 40-60 mmHg or less while the patient is 
breathing room air. Development of hypercarbia 
(P,CO, >45 mmHg) is an ominous sign, reflecting pro- 
found (imminently life-threatening) pulmonary dysfunc- 
tion and/or fatigue of the muscles of respiration. In 
these cases, assisted ventilation may be necessary. 


Thoracic radiographs 

Emergency radiography is covered in detail in Chapter 
25. Acute pulmonary oedema is generally recognizable 
based on history and physical examination findings, 
and the stress related to positioning an animal for radio- 
graphs may worsen its clinical condition. In most cases, 
anaesthetized radiographs are contraindicated, as most 
anaesthetic regimens have depressant effects on the 
cardiovascular system. In some cases, marginal 
amounts of pulmonary oedema can be worsened 
greatly by use of negative inotropic anaesthetic regi- 
mens. Animals with severe dysrhythmias should never 
be anaesthetized until the rhythm has been stabilized. 
In general, while thoracic radiographs contribute greatly 
to diagnosis of the underlying disease and differentia- 
tion of cardiac disease from pulmonary disease, most 


Severe dyspnoea/cough 
Tachycardia/dysrhythmia/heart murmur present? 


Yes 
Suspect cardiac disease 


Pulmonary congestion (crackles, 
increased breath sounds)? 


Suspect PULMONARY OEDEMA 
Oxygen supplementation 


Presumptive therapy: 


Furosemide/glyceryl trinitrate ointment 
Dysrhythmia? 
ECG rhythm strip 


Sinus Dysrhythmia not 
tachycardia requiring immediate 
treatment 


cases of severe congestive heart failure can be diag- 
nosed without immediate radiographs. 


‘Cardiac’ blood tests 

In human patients with cardiac disease, evaluation of 
B-type natriuretic peptide and troponins has been 
shown to assist in the discrimination of cardiac from 
non-cardiac causes of dyspnoea and chest pain. In 
order to be useful in acute management of patients 
these tests must be available in the emergency set- 
ting; none of the currently validated natriuretic pep- 
tide or troponin tests for dogs or cats is yet available 
as a ‘bedside’ test. In the future it might be anticipated 
that these will be developed and may prove very use- 
ful. Further studies will help to elucidate their value in 
the emergency setting but they cannot currently be 
considered validated for this purpose. 


Acute heart failure 


Algorithms for emergency patients in heart failure are 
presented in Figures 6.3 and 6.4. Immediate identifi- 
cation of key clinical signs indicative of pulmonary 


Emergency diagnostic/ 
therapeutic evaluation of the 
severely dyspnoeic cardiac 
patient. 

No 


Suspect respiratory disease 
or airway obstruction 


Muffled breath sounds? 
Suspect PLEURAL EFFUSION 


Thoracocentesis 
(diagnostic and therapeutic) 


Life-threatening dysrhythmia 


Anti-dysrhythmic therapy 


Stable for further diagnostics? 


Yes 


Continue diagnostic work-up/therapeutics 
Thoracic radiographs 
Complete electrocardiogram 
Serum biochemistry, haemogram as indicated 
Echocardiography 


Therapy (diuretics, vasodilators, (+) inotropes, fluids) 
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Tachycardia (regular rhythm) 
Heart murmur 
Weak pulses 


Clear heart sounds 
Clear breath sounds 
Slow capillary refill 
Weak pulses 


Tachydysrhythmia 


ECG confirmation 


See Figure 6.11 


Muffled heart sounds 
(+ muffled breath sounds) 
Jugular distension 
Ascites/hepatomegaly 
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Collapse/severe exercise intolerance 


Normal 
cardiovascular 
examination 


Screen for non-cardiac 
causes of collapse 
Metabolic 
Musculoskeletal 
Neurological 


Muffled breath sounds 
(+ muffled heart sounds) 
Jugular distension 
Ascites/hepatomegaly 


Dehydration 
Cold extremities 


Suspect LOW OUTPUT 
FAILURE 


Suspect 
PLEURAL EFFUSION 
due to heart failure 


Suspect PERICARDIAL 
EFFUSION WITH 


TAMPONADE 


Confirm lack of pulmonary oedema 
(conscious radiographs) 
Evaluate for hypovolaemia 
(CVP measurement) 


Fluid/(+) inotropic therapy 


Stable for further diagnostics? 


Stable for conscious 
radiographs or 
ultrasonography? 


Confirm presence of 
effusion(s) 


Pericardiocentesis or 
thoracocentesis for 
diagnosis and stabilization 


Proceed with further diagnostic evaluation and therapeutics 


| 6.4 | Emergency diagnostic/therapeutic evaluation of the collapsed patient. 


oedema, pleural effusion, low output failure, cardiac 
tamponade and severe dysrhythmias may be life sav- 
ing. Once the nature of the clinical presentation is rec- 
ognized, emergency therapy may (and often must) 
proceed in the absence of an anatomical diagnosis of 
the underlying heart disease. Once the patient's con- 
dition is stable, further diagnostic testing may be used 
to establish the underlying cause of the problem and 
develop a definitive treatment plan. If signs of cardio- 
genic shock (i.e. tachycardia, cool extremities, weak 
pulses, prolonged capillary refill time) are present but 
congestive signs (e.g. pulmonary oedema or ascites) 


are not, low filling pressures secondary to hypovolae- 
mia may be complicating the underlying cardiac disease. 
Most animals presented to the emergency service 
do not arrive with a previous diagnosis and the un- 
stable nature of many cardiovascular emergencies 
makes extensive diagnostic testing dangerous. The 
following discussion outlines general approaches to 
the major presenting signs of dogs and cats with car- 
diovascular emergencies. Dosing regimens for com- 
monly used drugs are outlined in Figure 6.5. Systemic 
hypertension (hypertensive crisis) and systemic 
thromboembolism are addressed separately. 
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Furosemide: (D) 2-6 mg/kg i.v., i.m., s.c. q6-12h, orally q8-24h; (C) 1-4 mg/kg i.v., i.m., s.c., orally q12-48h 


| 


Acepromazine: (D,C) 0.01-0.05 mg/kg i.m., s.c. no more than 

Amlodipine besylate: (D) 0.05 mg/kg orally q24h; (C) 0.625 mg per cat orally q24h 

Hydralazine: (D) 1-3 mg/kg orally q12h 

Glyceryl trinitrate ointment (2% = 15 mg/25 mm): 1.25-2.5 mg/5 kg body wt, cutaneously q6-12h 

Glyceryl trinitrate patch: (D) 2.5-10 mg/24 h as patch, 24 hours on, 24 hours off; (C) 2.5-5 mg, apply as dog 
Sodium nitroprusside: (D) 1-5 g/kg/min (start low and titrate up while monitoring blood pressure) 


Dobutamine: (D) 2-15 ug/kg/min; (C) 1-5 ug/kg/min (start low and titrate up) 
Dopamine: (D) 2-10 yg/kg/min; (C) 5-15 ug/kg/min (start low and titrate up) 
Isoprenaline: (D,C) 0.04-0.08 j.g/kg/min iv. 

Pimobendan (D) 0.1-0.3 mg/kg orally q12h 


Atenolol (D) 1-2 mg/kg orally q12h, start low and titrate up; (C) 6.25-12.5 mg total dose orally qi2h 

Diltiazem: (D,C) 0.25 mg/kg i.v. (over 3 minutes), 3-6 ug/kg/min; (D) 1-2 mg/kg orally q8h; (C) 7.5 mg total dose orally q8h 

Esmolol: (D,C) 0.5 mg/kg i.v. bolus, 25-200 g/kg/min 

Lidocaine: (D) 2-4 mg/kg i.v. bolus, 30-80 ug/kg/min; (C) 0.2-0.4 mg/kg i.v. slow bolus 

Mexiletine: (D) 4-8 mg/kg orally q8h 

Procainamide: (D) 5-15 mg/kg i.v., i.m. q6h, 10-40 jxg/kg/min 

Propranolol: (D) 0.1-2 mg/kg orally q8h, start low/titrate, 0.04-0.06 mg/kg i.v. slowly; (C) 2.5-5 mg total dose orally q8h, start low/titrate 
Sotalol: (D) 0.5-2 mg/kg, orally q12h, start low/titrate 

Amiodarone: (D) 10-15 mg/kg q12h orally for 7 days, then 5-7.5 mg/kg q12h orally for 14 days, then 7.5 mg/kg orally q24h 


Morphine: (D) 0.05-0.1 mg/kg slow i.v. repeated every 10 minutes until effects are seen (up to 0.4 mg/kg total), dose repeated q1-4h 
Butorphanol: (D,C) 0.2-0.4 mg/kg i.v., i.m. or s.c. q1—4h as needed for sedation 
Buprenorphine: (D,C) 0.005-0.01 mg/kg i.v., i.m., s.c. q4-6h as needed for sedation 


Aspirin (for anti-thrombotic therapy): (C) 80 mg/cat q48h 
Atropine: (D.C) atropine response test: (D, C) 0.04 mg/kg i.m. 
emergency therapy of bradycardia: 0.02-0.04 mg/kg s.c., i.m., i.v. q6-8h 
Calcium gluconate (for therapy of hyperkalaemia): (D,C) 0.5-1.5 ml of a 10% solution slowly i.v. 
Dextrose (for therapy of hyperkalaemia): (D,C) 5-10% dextrose-containing fluids i.v., or 1-2 ml/kg 50% dextrose i.v. (may administer with insulin, see below) 
Glycopyrrolate: (D,C) 0.005-0.01 mg/kg s.c., i.m., i.v. 
Insulin (for therapy of hyperkalaemia): (D,C) 0.55-1.1 IU/kg regular insulin in parenteral fluids with 2 g dextrose per unit of insulin administered 
Sodium bicarbonate (for therapy of hyperkalaemia): (D,C) 1-2 mEq/kg i.v. 


D Drugs used in therapy of cardiovascular emergency patients. Ranges are approximate; clinical evaluation of 
the patient dictates dosage of drug administered (D, dog; C, cat). 


Severe pulmonary oedema: recognition * Therapy: 
and emergency stabilization — Oxygen supplementation 
— Furosemide administration 


Key points — Vasodilator administration (with some 
exceptions — see below) 
* Recognition: — Inotropic support 
— Dyspnoea + gagging cough — Opioid sedation 
— Pulmonary crackles/increased breath sounds — Low-stress environment. 
on auscultation * Typical underlying cardiac conditions: 
— Other physical findings typical of cardiac — Dilated cardiomyopathy (dog/cat) 
disease. — Mitral insufficiency secondary to progressive 


kez] 
N 


endocardiosis or acute chordae tendineae 
rupture (dog) 

Hypertrophic or restrictive cardiomyopathy (cat) 
Decompensated congenital heart disease 
(e.g. patent ductus arteriosus, ventricular 
septal defect, mitral dysplasia, mitral stenosis 
(dog/cat)). 


In dogs, pulmonary oedema commonly results in 
respiratory difficulty and gasping, often associated with 
a gagging cough that may produce white or blood- 
tinged foam. Cats with severe pulmonary oedema of- 
ten pant, but seldom cough until oedema fluid begins 
to fill the main airways. In both species, severe dys- 
pnoea is accompanied by cyanosis, abdominal con- 
traction with respiration, and signs of anxiety, including 
dilated pupils and resistance to restraint. Rapid ap- 
preciation of harsh or loud breath sounds, usually with 
pulmonary crackles, in association with other clinical 
findings of cardiac disease (see Figure 6.2), should 
lead to a tentative diagnosis of pulmonary oedema 
and institution of treatment (Figure 6.6). 

Radiographs should not be obtained until the 
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patient is stable enough to be manipulated. Typical 
radiographic findings in a dog and a cat with pulmo- 
nary oedema are shown in Figures 6.7 and 6.8. 


Oxygen supplementation 

The most important component of therapy for acute 
pulmonary oedema is oxygen supplementation. Sup- 
plemental oxygen should be provided immediately 
upon recognition of dyspnoea or cyanosis, and con- 
tinued throughout stabilization. Initially, oxygen may 
be supplied via facemask, oxygen cage or nasal in- 
sufflation; the choice of method is dependent on avail- 
ability, the patient's tolerance of administration, and 
manipulation requirements with regard to further di- 
agnostic testing. If arterial blood gas analysis is avail- 
able, assessment of any level of hypoxia should lead 
to at least temporary supplementation, but a P,O; of 
<60 mmHg or oxygen saturation of <90% warrants 
aggressive oxygen therapy. Clinical status of the 
patient must be monitored closely. Evidence of pro- 
gressive respiratory fatigue, lack of P,O, response to 
oxygen supplementation and progressive hypercap- 
nia are all indications for mechanical ventilation. 


or concerns Onset of action 


Butorphanol Opioid sedative Altered level of Over-sedation IV: 5-10 minutes 
Sedative effects in depressed animals consciousness 
Buprenorphine | Opioid sedative Altered level of Over-sedation IV: 5-10 minutes 
Sedative effects in depressed animals consciousness 
Dobutamine Catecholamine Dysrhythmias Dysrhythmias (continuous | CRI: 1-2 minutes 
Positive inotrope ECG) 
Blood pressure 
Dopamine Catecholamine Dysrhythmias Dysrhythmias (continuous | CRI: 1-2 minutes 
Positive inotrope Hypertension at doses ECG) 
Renal vasodilator (at low doses) >10 ug/kg/min Blood pressure 
Furosemide Loop diuretic Hypovolaemia Hydration IV: 5-10 minutes 
Acute vasodilation (intravenous Hypokalaemia 
route only) Hypomagnesaemia 
Preload reduction through diuresis 
Hydralazine Arterial dilator Hypotension Hypotension Oral: 30-60 minutes 
Decrease afterload by direct arterial Hypovolaemia 
dilation Fixed or dynamic LV outflow 
obstruction 
Morphine Opioid sedative ypercap Hypoventilation IV: 5-10 minutes 
Decrease sensation of dyspnoea (CNS (hypoventilation) Over-sedation 
effect) Altered level of Vomiting may be induced 
by acute intravenous 
SNS tone (decreases preload) administration 
Anti-anxiety effects 
Glyceryl trinitrate | Venodilator Use gloves when in Peak effect: 1 hour 
ointment (2%) Decrease preload by systemic and contact with ointment 
pulmonary venous dilation 
Sodium Arterial/venous dilator Acute hypotension (use CRI: 1-2 minutes 
nitroprusside Decrease preload and afterload by invasive ABP monitoring) 


direct vasodilation 


toxicity if administered for 
>48 hours 


Medications commonly used in therapy of acute congestive heart failure (ABP, arterial blood pressure; 
CNS, central nervous system; SNS, sympathetic nervous system; AV, atrioventricular). 
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Lateral and dorsoventral radiographs of an 
% elderly Beagle with advanced mitral and 


tricuspid insufficiency and congestive heart failure 
Severe left ventricular and left atrial enlargement with 
pulmonary venous enlargement are visible on the lateral 
view. These findings, with the dorsal and caudal alveolar 
infiltrates visible in both views, are consistent with left 
heart failure. On the dorsoventral view, severe biatrial 
enlargement is visible. Note the mainstem bronchial 
compression caused by severe left atrial enlargement 
visible on the lateral view. Coughing due to bronchial 
compression was a prominent clinical sign in this dog 


Diuretics 

After oxygen supplementation has been established, 
aggressive diuretic therapy provides the next compo- 
nent of stabilization. Loop diuretics are the most po- 
tent and fast-acting diuretics commonly available in 
veterinary practice, and immediate administration of 
2-6 mg/kg of furosemide intravenously usually results 
in increased urine flow within approximately 30 min- 
utes. Furosemide is also effective if given intramuscu- 
larly when intravenous access is not available. 
Response to furosemide administration (e.g. urina- 
tion) should occur within 60—90 minutes of intravenous 
administration. Cats and some fastidiously trained 
dogs will not urinate in the cage in which they are 
resting; litter boxes (cats) and occasional removal from 
the cage to urinate (dogs) reduces additional stress 
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( 6.8 | Lateral and dorsoventral radiographs of a 
Domestic Short-Haired cat with restrictive 


myocardial disease and congestive heart failure 
Moderate cardiomegaly is present in both views. Alveolar 
infiltrates are most visible in the left thorax on the 
dorsoventral view and are diffusely distributed on the 
lateral view. Note the engorgement of the cranial 
pulmonary arteries and veins visible on the lateral view. 


in these animals. If urination or a palpable increase in 
the size of the bladder does not occur in response to 
furosemide administration, the initial diagnosis should 
be reconsidered; however if CHF is still deemed to be 
likely, additional doses of furosemide (2—4 mg/kg i.v.) 
can be administered. In patients which do not pro- 
duce urine after administration of furosemide, arterial 
blood pressure should be measured to make sure that 
it is high enough to maintain adequate glomerular fil- 
tration. Hypotensive animals with a combination of 
cardiogenic shock and congestive heart failure may 
be unable to respond to diuretic therapy (e.g. some 
cats with cardiomyopathy) until mean arterial blood 
pressure is above 60 mmHg. Water should be avail- 
able to the patient at all times. 


Vasodilators 

Vasodilators, especially arterial dilators, allow rapid 
‘off-loading’ of the ventricle and are indicated in 
patients with pulmonary oedema due to impaired left 
ventricular function, mitral insufficiency or severe 


systemic hypertension. By decreasing the resistance 
to left ventricular ejection, cardiac function is improved 
and, in patients with significant mitral regurgitation, 
the regurgitant fraction is decreased. In order to ob- 
tain this response, the left ventricle must be able to 
sustain an adequate stroke volume. Consequently, 
marked arterial vasodilation is contraindicated in ani- 
mals with fixed left ventricular stroke volume (e.g. 
hypertrophic cardiomyopathy, mitral stenosis, aortic 
stenosis, many causes of RV failure) or severe hypo- 
volaemia. Severe pulmonary oedema in animals with 
fixed left ventricular stroke volume must be managed 
primarily by preload reduction (e.g. furosemide, low- 
salt diet, venodilators) and judicious use of 
angiotensin-converting enzyme inhibitors. In hypovol- 
aemic patients, rehydration is necessary before use 
of arterial vasodilators. Venodilators, such as glyceryl 
trinitrate ointment, are often recommended as adjunc- 
tive therapy for acute pulmonary oedema. Dermally 
applied glyceryl trinitrate ointment (2%) or glyceryl 
trinitrate-impregnated skin patches have been used 
to effect systemic and pulmonary venodilation and 
reduce preload. Although the efficacy of dermally ap- 
plied glyceryl trinitrate ointment in the dog has been 
questioned (DeLellis and Kittleson, 1992), use of this 
medication remains common due to ease of applica- 
tion and lack of serious side effects. Angiotensin- 
converting enzyme inhibitors are important in the 
therapy of chronic CHF but are less helpful in the 
therapy of acute pulmonary oedema. The slower on- 
set of action and relatively mild arterial dilation pro- 
duced by this family of drugs compared with other, 
more potent vasodilators makes them less useful in 
acute emergencies. 

Sodium nitroprusside (SN) and hydralazine remain 
the most commonly used and most effective acute 
arterial vasodilators in veterinary medicine. The rela- 
tive advantages and disadvantages of either drug must 
be carefully considered in each individual patient. The 
potent effects of these medications make close moni- 
toring of blood pressure during administration man- 
datory, and patients with acute pulmonary oedema 
must be continuously reassessed for moment-to- 
moment changes in cardiovascular status. Evidence 
of effective vasodilation includes bright pink mucous 
membranes with rapid capillary refill time, palpably 
warm ears and lips and gradual decreases in dysp- 
noea, anxiety and pulmonary oedema, as assessed 
by resolution of pulmonary crackles. Signs of hypo- 
tension include collapse, tachycardia and worsening 
renal biochemistry values. 


Sodium nitroprusside: Sodium nitroprusside is a 
rapid-acting and potent ‘mixed’ vasodilator, causing 
both preload and afterload reduction. SN is adminis- 
tered intravenously, and with a half-life of minutes, 
can be titrated to effect. SN is used less frequently 
than other vasodilators in veterinary patients due to 
perceived monitoring problems. With careful direct 
blood pressure monitoring, however, SN can be used 
to effectively reduce arterial pressures and provide 
rapid relief of acute pulmonary oedema and acute 
hypertension. Contraindications for use of SN are 
listed in Figure 6.6. 
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Indications for use are: 


* Acute pulmonary oedema due to CHF when 
normal to elevated systemic vascular resistance 
is present 

* Acute pulmonary oedema secondary to mitral 
valve chordae tendineae rupture 

* Acute hypertensive crisis. 


Animals with CHF typically have low or normal 
arterial blood pressure, but in an animal with compro- 
mised myocardial function (e.g. dilated cardiomyo- 
pathy), normal blood pressures may represent 
elevated systemic vascular resistance. Therefore, 
known hypotension is a contraindication for SN 
administration, but normal to mildly elevated ABP 
accompanying low cardiac output and congestive 
signs is an indication for its use. 

Direct arterial blood pressure monitoring should 
ideally be established prior to administration of SN. In 
rare cases, Doppler or oscillometric methods can be 
used to monitor patients receiving SN, but the ten- 
dency of these methods to be inaccurate at low ABP 
limits their usefulness in this setting. Once a direct 
ABP tracing is obtained, a continuous rate infusion 
(CRI) of SN can be initiated, beginning with an infu- 
sion rate of 1 ug/kg/min and titrating upwards in 0.5- 
1.0 ug/kg/min increments at intervals of 5-10 minutes 
to a target mean ABP of approximately 70-80 mmHg. 
A maximum rate of 10 ug/kg/min should not be ex- 
ceeded. SN is light sensitive and should be prepared 
in relatively high concentrations allowing low fluid 
administration rates compatible with CHF. Any addi- 
tional fluid therapy or medication infusions should be 
given separately to allow independent changes in ad- 
ministration rate. Because of the potency of SN, a fluid 
or syringe pump is mandatory to control infusion rate 
precisely. When an effective dose is ascertained, SN 
can be continuously administered for 48—72 hours with 
minimal risk of toxicity. Rapid improvement in clinical 
signs is usually noted in the first 3-6 hours when SN 
is administered concurrently with furosemide and other 
adjunctive therapies. 


Hydralazine: Hydralazine is a potent arterial dilator. It 
has been used extensively in veterinary patients for 
both acute and chronic heart failure. The indications 
for use of hydralazine in the therapy of acute pulmon- 
ary oedema are the same as those for SN. Hydrala- 
zine may be chosen for acute therapy if SN is not readily 
available, invasive ABP monitoring or use of an infu- 
sion pump is not possible, or monetary concerns pre- 
clude the use of a CRI. If an animal is too unstable for 
administration of oral medications, SN should be used. 
Contraindications for use of hydralazine are similar to 
those for SN and are listed in Figure 6.6. 

ABP should be obtained prior to therapy to exclude 
hypotension in an individual patient. Animals with ful- 
minant pulmonary oedema are usually given a higher 
initial dose of hydralazine than patients with more 
chronic signs or animals already receiving chronic 
vasodilator therapy. In acute CHF, the first dose of 
hydralazine is approximately 1-2 mg/kg orally. Blood 
pressure is assessed approximately 1 hour after 
dosing. Target response is a mean (if measured 
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invasively) or systolic (if measured by Doppler sphyg- 
momanometry or oscillometry) ABP decrease of up 
to 20 mmHg, as long as the MAP remains higher than 
60 mmHg. If such a decrease is not achieved with the 
initial dose, an additional 1 mg/kg is administered 
orally, resulting in a cumulative dose of 2 mg/kg. This 
may be repeated up to a cumulative dose of 3 mg/kg 
in most dogs. When an effective dose has been docu- 
mented, that dose is repeated at 12-hour intervals. 


Ancillary therapy 

Opioid sedatives are used to treat acute CHF in hu- 
man and veterinary patients. Morphine is the proto- 
typical opioid for use in the setting of acute pulmonary 
oedema, providing both sedative and vasodilating ef- 
fects. Morphine may be given intramuscularly or sub- 
cutaneously, but the intravenous route is preferred, in 
order to speed onset of action and assure absorp- 
tion. Rapid administration of morphine intravenously 
may, however, cause vomiting and vagally induced 
bradycardia. Morphine has central respiratory depres- 
sant effects, but these effects are believed to be ad- 
vantageous in CHF therapy. By blunting ventilatory 
reflexes, morphine lessens the sensation of dyspnoea 
and decreases anxiety associated with increased work 
of breathing. Administration also leads to vasodila- 
tion, resulting in a decrease in preload. These effects 
are specific to morphine; the common synthetic 
opioids butorphanol and buprenorphine provide vari- 
able degrees of sedation, but have no vasoactive 
properties. Use of intravenous oxymorphone is not 
recommended for patients with cardiogenic pulmonary 
oedema due to the increased pulmonary venous pres- 
sure associated with its administration. 

Provision of a low-stress environmentis a basic but 
often challenging component of therapy of acute pul- 
monary oedema. Most animals arriving at the veteri- 
nary surgery with pulmonary oedema have endured a 
car ride and multiple episodes of being coaxed, prod- 
ded, lifted and carried. The following relatively simple 
interventions may limit additional stress and allow for a 
faster and more comfortable evaluation of the patient: 


+ Provide oxygen immediately and supplement 
throughout the evaluation process, but avoid 
struggling with the patient who resists a 
facemask (consider an oxygen cage, ‘flow-by’, or 
nasal supplementation for these patients) 

* Gather vital signs and perform a limited physical 
examination with minimal manipulation of the 
patient 

+ Attempt to position the patient in sternal 
recumbency whenever possible, including during 
thoracocentesis 

* If multiple medications are to be given, organize 
them in advance so they can be administered 
with minimal manipulation 

+ Give as many medications as possible parenterally 

* Postpone radiographs until the patient is stable 

* Once medications are administered, maintain 
the patient with minimal handling while drug 
therapy takes effect 

* Do not ‘overwarm' the patient (no additional heat 
supplementation if body temperature is >38°C). 
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Pleural effusion: recognition and 
emergency stabilization 


Key points 


* Recognition: 

— Dyspnoea with muffled heart/breath sounds, 
especially ventral thorax 

— Jugular distension 

— +Ascites 

— Other physical findings typical of cardiac 
disease. 

* Therapy: 

— Oxygen supplementation 

— Low-stress environment 

— Thoracocentesis 

— (Opioid sedation). 

* Typical underlying cardiac conditions: 

— Hypertrophic or restrictive cardiomyopathy (cat) 

— Thyrotoxic heart disease (cat) 

— Dilated cardiomyopathy (dog/cat) 

— Pericardial effusion (dog, various causes) 

— Decompensated congenital heart disease 
(e.g. atrial septal defect, atrioventricular canal 
defect, pulmonic stenosis, tricuspid stenosis) 

— Severe tricuspid insufficiency secondary to 
endocardiosis (dog). 


Cats may develop pleural effusion when they have 
only severe left-sided heart disease, but in dogs pleu- 
ral effusion that is not associated with pericardial ef- 
fusion usually indicates biventricular heart failure. 
Pulmonary oedema may accompany pleural effusion 
in patients with biventricular failure. In some patients, 
the development of right-sided heart failure second- 
ary to left-sided failure may actually result in resolu- 
tion of pulmonary oedema, such that some patients 
with advanced left-sided heart disease may be present- 
ed with pleural effusion and ascites as their predom- 
inant clinical signs. 

Once significant pleural effusion has accumulated, 
full expansion of the lungs is difficult, and patients 
eventually become overtly dyspnoeic. Cats may 
function quite well with significant amounts of pleural 
effusion but decompensate suddenly when fluid 
accumulation exceeds critical levels. In patients with 
biventricular failure, in which pulmonary oedema ac- 
companies pleural effusion, mechanical removal of 
pleural fluid must be accompanied by medical therapy 
for pulmonary oedema. 

Pleural effusion that leads to clinical signs of dys- 
pnoea and discomfort is best treated by mechanical 
removal. Furosemide administration with sodium re- 
striction may be successful in reducing effusions in 
chronic cases and in preventing effusions from reform- 
ing, but the effect of medical therapy on cavitary effu- 
sions is not rapid enough to be life saving in dyspnoeic 
patients. In severely dyspnoeic animals suspected of 
having significant pleural effusion, a diagnostic thor- 
acic aspiration should be performed prior to radio- 
graphic confirmation of the presence of fluid. The 
presence of fluid may also be confirmed rapidly with 
an ultrasound examination; this is often better toler- 
ated and less stressful for the patient than thoracic 


radiography. If fluid is obtained on a diagnostic aspi- 
rate, pleural effusion should be removed until the 
patient is comfortable. If technically adequate aspira- 
tion is performed and no pleural fluid obtained, fur- 
ther diagnostic investigation should be considered. 

Thoracocentesis is described in more detail in Chap- 
ter 7; most animals with profound dyspnoea will toler- 
ate the procedure with minimal restraint if supplemented 
with oxygen, maintained in sternal recumbency and 
given a local anaesthetic. Sedation may be required in 
anxious or fractious animals. Rapid and deft aspiration 
of pleural fluid leads to immediate relief of dyspnoea. 
In contrast to abdominocentesis, as much fluid as pos- 
sible should be removed. Continuous ECG monitoring 
during the procedure is ideal and any necessary treat- 
ments can be continued during thoracocentesis (e.g. 
oxygen supplementation). Thoracic radiographs taken 
after thoracocentesis are more helpful than prior to the 
procedure, when large amounts of fluid are likely to 
obscure intrathoracic structures. 


Low output failure and cardiogenic 
shock: recognition and emergency 
stabilization 


Key points 


* Recognition: 
— Collapse or weakness with tachycardia, weak 
pulses, slow capillary refill, cold extremities 
— Often accompanied by cardiac dysrhythmias 
and pulse deficits 
— Low or normal ABP 
— May be accompanied by pulmonary oedema 
— May be accompanied by significant dehydration. 
* Therapy: 
— Aggressive invasive monitoring (ABP and CVP) 
— Positive inotropes administered via CRI 
(catecholamines) or orally (pimobendan) 
— Fluid therapy/electrolyte management 
— Cautious vasodilation 
— Furosemide, if needed. 
* Typical underlying cardiac conditions: 
— Dilated cardiomyopathy (dog/cat) 
— Mitral insufficiency with dehydration (dog) 
— Hypertrophic cardiomyopathy (HCM) or 
restrictive cardiomyopathy (RCM) (cat). 


Low output cardiac failure is one of the most prob- 
lematic emergency presentations associated with car- 
diac disease. This clinical presentation may occur with 
concurrent pulmonary oedema, necessitating simulta- 
neous CHF management, or may occur in chronic CHF 
patients who are experiencing complications of therapy 
(e.g. digoxin toxicity, or when azotaemia and electro- 
lyte imbalances have resulted in decreased water in- 
take, vomiting and eventual debilitating dehydration). 

Recognition of cardiogenic shock leads to assess- 
ment of underlying causes. History and physical ex- 
amination findings, results of quick ‘bench-top’ tests 
(e.g. packed cell volume (PCV), total protein con- 
centration, labstick assessment of renal function) 
and analysis of the ECG add crucial information to 
divide low output failure patients into those with con- 
current congestive signs, those who are markedly 
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hypovolaemic, with or without drug toxicity, and those 
who are experiencing significant dysrhythmias as the 
basis for low output signs. 


Low cardiac output with pulmonary oedema 

This clinical presentation may occur in the setting of 
severe systolic or severe diastolic dysfunction. Poor 
systolic function is typical of dogs or cats with dilated 
cardiomyopathy, while poor diastolic function is more 
commonly seen in the setting of hypertrophic or re- 
strictive myocardial diseases in cats. In the case of 
dilated cardiomyopathy, poor systolic function is 
accompanied by increased filling pressures, but car- 
diac output is still inadequate. This combination of 
physiological events is manifested clinically as a dog 
with clinical weakness, collapse or signs of shock ac- 
companied by pulmonary oedema, with or without 
dysrhythmias. These dogs are most often normo- 
tensive or mildly hypotensive, with systolic ABP in the 
range of 80-90 mmHg, but are poorly perfused with 
cold extremities due to peripheral vasoconstriction. Cats 
with HCM or RCM have clinical signs due to diastolic 
dysfunction and are treated differently (see below). 


Clinical approach to severe systolic dysfunction: 
Therapy of critically low cardiac output with pulmon- 
ary oedema consists of maximizing forward blood flow 
while limiting elevations in left atrial pressure. 
Dysrhythmias may be severe enough to require im- 
mediate treatment, or may be managed concurrently 
with other therapies (see section on ‘Dysrhythmias’). 

Cardiac output depends on maintaining sufficient 
preload and heart rate (with minimal dysrhythmias) 
while encouraging improved systolic function with 
positive inotropic drugs and arterial vasodilators. The 
use of potent arterial dilators without inotropic and 
preload support frequently leads to hypotension; there- 
fore great care must be taken and invasive monitor- 
ing is very helpful to ‘balance’ therapy in these patients. 

After physical examination is complete and base- 
line data have been gathered (e.g. ECG, any blood 
tests), an arterial catheter and a jugular catheter 
should ideally be placed for measurement of ABP and 
CVP, respectively. Baseline measurements are re- 
corded. Therapeutic goals consist of a mean ABP of 
70-80 mmHg with CVP of less than 10-15 cmH,0O or 
7—11 mmHg (dogs) or <5 mmHg (cats). 

ABP is reduced through the cautious use of arterial 
dilators as described earlier. Excessive decreases in 
blood pressure due to vasodilation are offset by con- 
currently improving contractility with positive inotropic 
drugs. Both types of medication are simultaneously 
titrated, using ABP, heart rate and CVP as well as the 
physical condition of the patient to guide dosing. The 
combination of arterial dilators and positive inotropes 
often increases cardiac output enough to decrease left 
atrial pressures and relieve pulmonary oedema, mak- 
ing heroic doses of furosemide unnecessary. If relief of 
oedema does not occur rapidly enough for patient com- 
fort, low to moderate doses of furosemide may be used 
to decrease preload. Rapid, aggressive diuresis should 
not be employed unless oedema is life threatening, 
because it is important to avoid dehydration which might 
result in worsening of low output signs. 
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Dobutamine is the positive inotrope recommended 
for most cases of CHF therapy. Dobutamine is a 
selective beta-1 adrenergic agonist, increasing 
contractility with minimal increase in heart rate. It is 
delivered via CRI using a syringe or fluid infusion 
pump, and titrated to effect. Higher doses of dobuta- 
mine may result in supraventricular or ventricular 
dysrhythmias, but these usually resolve when the CRI 
is decreased or discontinued. Dopamine is an alterna- 
tive catecholamine often used as a positive inotrope 
in veterinary patients. The effects of dopamine are 
similar to those of dobutamine except that dopamine is 
an alpha adrenergic agonist at higher doses. Dopamine 
may be slightly more dysrhythmogenic, and higher 
doses may result in vasoconstriction and increased 
systemic vascular resistance which should be avoided 
in patients with heart failure (see Figure 6.6). 

Pimobendaan is an orally administered drug with a 
positive inotropic action that may be useful when a 
CRI is impractical, however, it should be noted that 
administration of an oral drug may be risky in patients 
with severe respiratory distress, and absorption of oral 
drugs may be delayed in patients with poor gastro- 
intestinal tract perfusion. Pimobendan is a calcium 
sensitizing agent with phosphodiesterase inhibiting 
effects. This dual mechanism of action provides 
pimobendan with vasodilating, positive inotropic 
(promoting systolic function) and positive lusitropic 
(promoting diastolic relaxation) effects. Acute oral 
administration of pimobendan has a slower onset of 


effect than intravenous catecholamines, but patients. 


receiving this medication typically display noticeable 
Clinical improvement over a period of hours. Because 
of the delayed onset of action, however, dobutamine 
infusion is preferred over pimobendan in cases where 
immediate increases in cardiac output are needed. 


Clinical approach to severe diastolic dysfunction: 
Acute low cardiac output due to diastolic dysfunc- 
tion (e.g. HCM or RCM) is usually accompanied by 
pulmonary oedema. In diseases typified by diastolic 
dysfunction, systolic function is normal or increased. 
Relief of pulmonary oedema is achieved by admini- 
stration of diuretics and venodilators as outlined 
above, but care must be taken to avoid over-diuresis 
and arterial hypotension. 

Arterial vasodilation is contraindicated in acute 
heart failure caused by diastolic dysfunction. In some 
cases, diuretic and venodilating therapy may be suf- 
ficient to relieve acute pulmonary oedema associ- 
ated with diastolic dysfunction, but severe cases may 
require dobutamine infusions to increase cardiac out- 
put and relieve oedema. Although dobutamine is usu- 
ally referred to as a positive inotrope, it also has 
powerful lusitropic (promoting ventricular relaxation) 
effects. Administration of a dobutamine CRI to cats 
with severe pulmonary oedema, paired with judicious 
diuretic therapy, often results in more rapid resolu- 
tion of pulmonary oedema without induction of se- 
vere dehydration. In cats that have sinus or other 
supraventricular tachycardias, administration of a 
calcium channel blocking agent, such as diltiazem, 
may improve diastolic function by slowing heart 
rate. Once pulmonary oedema has been resolved, 
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beta-blocking agents may be used instead of cal- 
cium channel blockers to slow the heart rate if 
preferred, but use of beta-blocking agents is con- 
traindicated if CHF is present, or if calcium channel 
blockers or dobutamine are already being used. 


Low cardiac output with hypovolaemia 

The combination of low cardiac output with a hypo- 
volaemic state in patients with cardiac disease is usu- 
ally the result of complications of CHF therapy (e.g. 
over-diuresis or digoxin toxicity leading to dehydra- 
tion). In some cases, systemic effects of non-cardiac 
disease (e.g. chronic renal failure) cause decreased 
fluid intake and eventual dehydration, leading to car- 
diac decompensation. The therapeutic plan includes 
judicious rehydration and adjustment of any electro- 
lyte disturbances while encouraging cardiac output 
with positive inotropic medications. 

Initial assessment of the hypovolaemic patient with 
heart disease that is causing low cardiac output in- 
volves serum biochemical analysis to document evi- 
dence of dehydration, organ dysfunction and any 
electrolyte imbalances. Serum digoxin concentrations 
should be measured if the patient is receiving this 
medication. Most animals with clinical signs of hypo- 
volaemia and no evidence of CHF benefit from re- 
duction or temporary discontinuation of diuretic 
therapy. Discontinuation of vasodilators must be ap- 
proached with more caution, as rebound hyperten- 
sion may occur if vasodilators are discontinued 
abruptly. In many cases, once diuretics are withdrawn, 
vasodilator doses can be decreased but usually should 
not be completely discontinued. 

Fluid administration should precede positive ino- 
tropic therapy or, at a minimum, be administered con- 
currently. Traditionally, lower sodium fluids are 
recommended (0.45% NaCl with 2.5% dextrose), and 
are supplemented with potassium and magnesium 
based on measured blood concentrations of these 
electrolytes. In most cases, ‘maintenance’ fluid ad- 
ministration rates (2-3 ml/kg/h) are sufficient for ini- 
tial supplementation, and the use of fluid pumps for 
administration is highly recommended. As rehydra- 
tion is accomplished (documented through monitor- 
ing of physical examination, weight and blood tests), 
positive inotropic drugs are added to encourage in- 
creases in cardiac output. Continuous ABP and CVP 
monitoring allows rough assessment of cardiac out- 
put; rehydration at maintenance or slightly above 
maintenance rates continues until CVP approaches 
12-15 cmH,O (dogs) or 7—10 cmH.0O (cats); if hypo- 
tension persists when CVP is normal, an increased 
rate of infusion of positive inotropic drugs is warranted. 


Cardiac tamponade: recognition and 
emergency stabilization 


Key points 


* Recognition: 
— Collapse or weakness with tachycardia, weak 
pulses, slow capillary refill, cold extremities 
— Muffled heart sounds with or without muffled 
breath sounds 


— Jugular distension 

— Ascites 

— Low or normal ABP 

— Small QRS complexes on ECG recording, 
height of R wave may vary 

— Dyspnoea with normal or dull pulmonary 
auscultatory findings 

— Pulsus paradoxus, i.e. a palpable variation in 
pulse quality according to the phase of 
respiration. The pulse becomes weaker 
during inspiration. 

* Therapy: 

— Pericardiocentesis 

— Fluid therapy if hypovolaemia is present 

— + Furosemide therapy to relieve ascites after 
pericardiocentesis. 

* Typical underlying cardiac conditions: 

— Idiopathic (dog, cat) 

— Cardiac neoplasia, e.g. haemangiosarcoma 
(dog), lymphoma (dog/cat) 

— Extracardiac neoplasia, e.g. mesothelioma 
(dog) 

— Infection, e.g. feline infectious peritonitis 
(cat), bacterial (dog). 


Pericardial effusion and tamponade may be one 
of the most underdiagnosed causes of collapse and 
ascites in dogs. Paradoxically, pericardial effusion 
may be one of the most over-treated abnormalities 
once diagnosed, when pericardiocentesis is often 
performed regardless of the haemodynamic need for 
this procedure. 

Pericardial effusion may accumulate in dogs 
and cats due to identifiable causes (e.g. infection or 
neoplasia), or be idiopathic. Pericardial effusion is 
associated with acute development of clinical signs 
when tamponade occurs. Tamponade is defined as 
the presence of pericardial fluid at increased pres- 
sure, leading to compression of the heart and right- 
sided heart failure. When accumulation of the fluid 
is gradual, the pericardium stretches to accommo- 
date it, and compression of the heart does not occur 
until large amounts of fluid are present. If effusion 
is acute (e.g. acute haemorrhage into the peri- 
cardium), much smaller amounts of fluid are required 
to raise intrapericardial pressure substantially. In 
most cases of pericardial effusion, underlying car- 
diac function is normal. Therefore, the emphasis 
is on immediate relief of tamponade, if present, 
and subsequent pursuit of underlying causes of the 
effusion. 

If clinical signs of tamponade are not present, peri- 
cardial effusion may not need to be treated as an 
emergency. Clinical recognition of pericardial effusion 
can be difficult if tamponade is not present, and re- 
quires a high index of suspicion. In many cases, peri- 
cardial effusion is identified on echocardiographic 
examination when no outward clinical signs are de- 
tected. Other indicators for the presence of small-to- 
moderate amounts of pericardial fluid include 
cardiomegaly on radiographs, or attenuated QRS 
voltages on the ECG. 

The emergency presentation of cardiac tampon- 
ade typically involves evidence of obstructive shock 
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(i.e. weakness, tachycardia, pallor, slow capillary re- 
fill time and weak pulses) accompanied by jugular dis- 
tension, hepatomegaly and variable amounts of 
ascites. Cardiac tamponade should top the differen- 
tial diagnosis list for animals lacking a murmur that 
have the combination of ascites and jugular disten- 
sion, especially if muffled heart sounds are noted. 
Pleural effusion is also commonly seen in conjunc- 
tion with pericardial effusion. Documenting the pres- 
ence of pericardial effusion in animals with pleural 
effusion helps distinguish right heart failure due to 
primary cardiac disease from tamponade, but may not 
be immediately possible (see below). Animals with 
cardiac tamponade are frequently tachypnoeic even 
though pulmonary infiltrates are not present; this 
tachypnoea probably reflects decreased ability to 
move the chest wall and diaphragm due to the pres- 
ence of ascites and pleural effusion. 

If the patient is stable enough for thoracic radio- 
graphs, the presence of pericardial effusion can be 
suspected based on the presence of an enlarged 
cardiac silhouette with a crisp border and the ab- 
sence of indentations demarcating individual cham- 
bers (‘globoid’ heart) (see Figures 25.8 and 25.9). 
Pulmonary perfusion is usually decreased, and 
smaller than normal pulmonary arteries may be 
noted. The presence of pulmonary infiltrates with 
uncomplicated pericardial effusion is unusual, and 
should lead the clinician to look for other causes of 
clinical signs, or factors complicating pericardial 


‘effusion. In some cases, large amounts of pleural 


effusion obscure the cardiac silhouette, and radio- 
graphic analysis cannot definitively establish the 
diagnosis of pericardial effusion. 

Emergency echocardiography is extremely use- 
ful to establish the diagnosis in cases of suspected 
pericardial disease. In most cases, a complete echo- 
cardiographic examination can be postponed until 
the animal's condition is stabilized, but a brief 
echocardiographic examination with the animal in 
sternal recumbency can confirm the presence of a 
large echo-free space surrounding the heart, reflect- 
ing fluid accumulation within the pericardium. When 
tamponade is present, the right atrium and/or right 
ventricular wall may be seen to collapse in early dia- 
stole. Echocardiographic examination can also be 
used to determine the most advantageous area on 
the thorax from which to perform the pericardiocen- 
tesis. An area with a large amount of fluid and no 
interfering structures (especially lung) is the most 
appropriate site for centesis. 

If echocardiography is not available, and the ani- 
mal is not stable for conscious radiography, presump- 
tive pericardiocentesis may be life saving. Patients 
with clinical signs of shock may receive intravenous 
fluid support as their effusion is relieved, in order to 
increase their cardiac output. In most cases, local 
anaesthetic only is used to facilitate the procedure, 
and a continuous ECG is recommended to monitor 
for centesis-related or other dysrhythmias. Samples 
of the fluid are saved for fluid analysis and cytology. 
The packed cell volume of the fluid can be compared 
with that of peripheral blood to establish the diagno- 
sis of intrapericardial haemorrhage. The PCV of the 
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effusion may be high, but is generally lower than that 
of peripheral blood unless the patient is actively bleed- 
ing into the pericardial sac at the time of centesis. 
Ensuring that this is the case helps prevent drainage 
of whole blood should accidental cardiac puncture 
have occurred. 


Pericardiocentesis 

The optimum site for pericardiocentesis can be select- 
ed on the basis of an echocardiographic or radio- 
graphic examination, or it can be performed blindly at 
the fifth or sixth rib space on the right side of the tho- 
rax. Centesis is usually carried out on the right to mini- 
mize the likelihood of damage to lung and to reduce 
the chances of laceration of major coronary arteries. 
The majority of animals will tolerate the procedure 
conscious, gently restrained in sternal recumbency. 
Animals with cardiac tamponade are unlikely to toler- 
ate the cardiovascular effects of commonly used seda- 
tives or general anaesthesia, and therefore in the 
emergency patient it is preferable to perform the pro- 
cedure conscious. Local anaesthetic should be infil- 
trated into the skin and intercostal muscles at the site 
of anticipated drainage. The intercostal nerves, run- 
ning down the caudal aspect of the ribs and innervat- 
ing the rib spaces where drainage is to be carried out, 
can also be blocked dorsal to the site of introduction 
of the catheter. 

The pericardiocentesis catheter is typically intro- 
duced about one third of the way up the thoracic wall. 
The hair overlying the site is clipped and the skin pre- 
pared aseptically. Several dedicated pericardiocen- 
tesis catheters are available but a large-bore (14 or 
16 gauge), long (50-125 mm) intravenous catheter 
will often suffice. A closed system of drainage should 
be used with the hub of the catheter attached to a 
fluid administration or extension set, which is itself 
attached via a three-way tap to a large syringe. The 
catheter is introduced through the skin and directed 
horizontally into the thorax towards the anticipated 
position of the pericardial sac. Ultrasound guidance 
can be used but is usually not necessary. Once 
through the thoracic wall there is often a sensation of 
the pericardial sac scratching the tip of the catheter. 
ECG monitoring throughout the procedure allows 
monitoring for the presence of dysrhythmias induced 
by the catheter traumatizing the epicardium. A short 
but moderately forceful advancement of the catheter 
is sometimes necessary to advance the catheter into 
the pericardium and a ‘popping’ sensation may be 
perceived. Pericardial fluid will often appear in the 
hub of the catheter and is typically bloody or ‘port- 
wine’ coloured. The stylette can be removed from 
the catheter at this time but frequently is temporarily 
left in position to prevent the catheter from kinking 
and blocking. Fluid is drained from the pericardial 
space until it is no longer possible to maintain the 
catheter in position without sensing contact between 
the catheter and the epicardium. It is usually not 
necessary to drain all the fluid from the pericardial 
space for two reasons: first, draining less than half 
the pericardial fluid is likely to relieve the majority of 
the pressure that has built up in the pericardial sac 
and therefore relieve the signs of tamponade; and 
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secondly, any remaining pericardial fluid frequently 
drains spontaneously through the hole made in the 
pericardial sac into the pleural space, from which it 
is reabsorbed. 


Management following pericardiocentesis 

Moderate doses of furosemide, with concurrent cage 
rest, frequently lead to resolution of ascites over the 
first few days after pericardiocentesis. Diuretics may 
not always be necessary in this situation as the relief 
of the tamponade should result in physiological diur- 
esis in response to the increased venous filling pres- 
sures and cardiac output. Once the tamponade has 
been relieved, further diagnostic testing to establish 
the cause of the pericardial effusion can be pursued. 
A complete echocardiographic examination can be 
used to screen for obvious right atrial masses indica- 
tive of haemangiosarcoma, but lack of an identifiable 
mass in the right atrium does not rule out other types 
of neoplasia (e.g. mesothelioma) or small masses 
below the size identifiable with ultrasound technology. 
Abdominal ultrasonography is recommended in ani- 
mals that have pericardial effusion and no identifiable 
right atrial mass, to look for other sites of primary neo- 
plasia. In many cases, however, diagnosis of the cause 
of pericardial effusion relies on excluding as many 
differential diagnoses as possible with diagnostic 
imaging, then monitoring the patient's progress. Idio- 
pathic pericardial effusions may occur as a single 
event or may be recurrent until palliative pericardi- 
ectomy is performed. Survival for longer than 8 months 
after pericardiectomy usually indicates non-neoplastic 
causes for the effusion (Stepien et al., 2000). 

A special case of pericardial effusion occurs as a 
result of left atrial rupture. This situation is rare but life 
threatening. Left atrial rupture in the dog is usually the 
result of acute elevations in left atrial pressure second- 
ary to chordae tendineae rupture, related to chronic 
mitral endocardiosis. Typically, the patient has a chronic 
history of mitral valve insufficiency, but has acutely 
collapsed. Signs of cardiogenic shock are common, 
as is jugular distension and fulminant, life-threatening 
pulmonary oedema. If thoracic radiographs and an 
echocardiogram are obtained, pericardial effusion may 
be documented. In these cases, pulmonary oedema is 
usually the life-limiting problem, and aggressive therapy 
of the oedema with diuretics and vasodilators is life 
saving. The pericardial effusion should not be removed, 
as decreasing the intrapericardial pressure will allow 
further leakage from the ruptured left atrium. If the 
animal survives the acute stages of CHF, many left 
atrial tears will heal spontaneously. Occasionally, healed 
but previously undiagnosed left atrial ruptures are 
documented as an incidental finding in dogs that have 
died from other causes. 


Dysrhythmias 


Dysrhythmias are a common finding in emergency and 
critically ill patients. When other overt signs of CHF 
are not present, it may be difficult to differentiate 
dysrhythmias caused by intrinsic cardiac disease from 
those resulting from severe traumatic or metabolic 


derangements. Nonetheless, rapid diagnosis and 
therapy of emergency dysrhythmias is of paramount 
importance and most dysrhythmias respond to appro- 
priate therapy regardless of their aetiology. Once the 
dysrhythmia has been controlled, the underlying 
cause(s) can be addressed. 

Underlying causes of dysrhythmias generally fall 
into one of several general categories (Figure 6.9). 
Many of these causes can be ruled out based on his- 
tory, clinical examination findings, blood chemistries 
and other routine diagnostic tests. The presence of 
documented cardiac disease does not rule out other 
concurrent causes of dysrhythmias, especially when 
the patient has been receiving medications that may 
alter electrolyte and acid—base status. Medical therapy 
of CHF may alter sodium and potassium balance or 
affect renal function; electrolyte imbalance can directly 
cause or worsen pre-existing dysrhythmias and altera- 
tions in renal function may lead to decreased elimina- 
tion of medications and development of toxic plasma 
drug concentrations. 


Dysrhythmias: recognition and 
emergency stabilization 


Key points 


* Detect dysrhythmia during examination. 

* Diagnose the type of dysrhythmia based on 
ECG recording. 

* Determine haemodynamic significance of 
dysrhythmia. 

* Begin necessary therapy while searching for 
underlying causes (Figure 6.9). 

* In cases of probable hyperkalaemia, immediate 
therapy is mandatory regardless of 
haemodynamic status. 


Suspicion of dysrhythmia in a critically ill patient is 
the most important step towards therapy. Detection 
of an inappropriately rapid or slow rhythm, especially 
if irregular, should prompt the clinician to examine the 
patient more closely for additional compatible signs 
of cardiac dysfunction. Although sinus arrhythmia is a 
commonly recognized cause of an irregular cardiac 
rhythm in dogs, this variation of normal rhythm is as- 
sociated with resting vagal tone and is therefore not 
seen commonly in severely ill emergency patients. In 
less acute emergencies, a normal sinus arrhythmia 
may be clinically differentiated from a pathological 
dysrhythmia through a combination of auscultation and 
palpation of peripheral pulses, followed by confirma- 
tion with a lead Il ECG recording. 

Identification and characterization of a dysrhyth- 
mia based on a lead II ECG recording must be rapid 
and accurate. Frequently, measurement of individual 
wave sizes (e.g. P and R wave height and width) adds 
little diagnostic information in acute emergencies, but 
recognition of the presence or absence of individual 
waves and recognition of interval variations (e.g. 
P-Q or Q-T intervals) are an important component in 
rapid diagnosis. After the patient is stabilized, closer 
scrutiny of the ECG and exact measurements may 
be performed. 
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Myocardial disease 
Cardiomyopathies 
Infiltrative (e.g. neoplasia, fibrosis) 


Autonomic nervous system alteration (e.g. anticholinergics) 
Indirect effects: 

Medications that alter acid-base/electrolyte status 

(e.g. diuretics, angiotensin-converting enzyme inhibitors) 


c= Potential causes of dysrhythmias. 


Stepwise emergency ECG analysis is outlined in 
Figures 6.10 and 6.11. Once the rhythm is identified, 
appropriate therapy can be instituted. Lack of response 
to appropriate therapy should prompt re-evaluation of 
the rhythm diagnosis and initiate a search for compli- 
cating issues. Hypokalaemia or hypomagnesaemia 
may decrease the efficacy of some anti-dysrhythmic 
medications and should be identified and rectified as 
soon as possible. Hypoxaemia and acidaemia may also 
limit anti-dysrhythmic drug efficacy, and are identifiable 
based on blood gas analysis. 
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Sinus bradycardia Regular rhythm 


Rule out vagal involvement with 
P waves associated with every QRS | May be no clinical signs 


atropine response test 

Acute: dobutamine or isoprenaline 
CRI, temporary pacemaker 
Chronic: permanent pacemaker 


Sinus arrest Sinus bradycardia with irregular As above 
pauses >3 seconds 
Pauses ended by ectopic 
complexes (escape complexes) 
Bradycardia-tachycardia Permanent pacemaker i 
(associated with sick precedes therapy of SVT 
sinus syndrome) Post-pacemaker, treat SVT as needed 
Atrial asystole Check serum potassium concentration 
(atrial standstill) Treat presumptively if compatible 
disease is present and no potassium 
testing available 
EMERGENCY THERAPY FOR 
HYPERKALAEMIA: calcium gluconate 
OR dextrose OR insulin + dextrose 
OR sodium bicarbonate 
Second degree Atropine response test 
atrioventricular block Acute: if no response to atropine, 
intravenous dobutamine or 
isoprenaline OR temporary pacemaker 
Chronic: permanent pacemaker 
implantation 
Third degree Immediate temporary or permanent 
atrioventricular block i 
Multiform escape QRS complexes or 
relationship irregular escape rhythm are associated 
and QRS complexes with increased risk of sudden death 


| 6.10 | Diagnosis and therapy of bradydysrhythmias (heart rate <60 bpm in dogs and <120 bpm in cats). In critically 
ill animals, the presence of a normal heart rate may be inappropriate and indicate dysfunction (CRI, continuous 
rate infusion; SVT, supraventricular tachycardia). 


had tall narrow premature ectopics 
depolarizations have normal at Pensa rhythm 
or pess a. waves 


problem 

Digoxin therapy if CHF present 
Beta blockers or calcium channel 
blockers if no CHF 


Attempt vagal manoeuvre (e.g. ocular and 
carotid sinus massage 

In CHF: intravenous or oral diltiazem with 
extreme caution 

No CHF: intravenous diltiazem OR 
propranolol OR esmolol 


In CHF: digoxin 
No CHF: beta blockers OR diltiazem 


Paroxysmal or sustained tachycardia, | Rapid, weak pulses 
re i th at Pulse deficits common 

cats) Ausc: irregular rhythm if paroxysmal, 
ieee tall and narrow in lead II 


regular if sustained 
Negative or no P waves associated May be associated with syncope 
with ectopic complexes 


| 6.11 | Diagnosis and therapy of tachydysrhythmias (heart rate >140 bpm in dogs and >200 bpm in cats). In critically 
ill animals, presence of sinus tachycardia is a frequent finding, and resolves with therapy of the underlying 
problem. In all cases, diagnostic work-up, including measurement of electrolytes, should be performed as soon as 
feasible (Ausc, auscultation; CHF, congestive heart failure; VPD, ventricular premature depolarization). (continues) > 
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Paroxysmal or sustained tachycardia, 
tar a ee 
Complexes wide and bizarre in lead II 
No P waves associated with ectopic 


complexes 
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Treat if resulting in haemodynamic 
compromise. Typically in order to do so 
VPDs will need to be frequent and may be 


| 6.14 | (continued) Diagnosis and therapy of tachydysrhythmias (heart rate >140 bpm in dogs and >200 bpm in 
cats). In critically ill animals, presence of sinus tachycardia is a frequent finding, and resolves with therapy of 
the underlying problem. In all cases, diagnostic work-up, including measurement of electrolytes, should be performed as 
soon as feasible (Ausc, auscultation; CHF, congestive heart failure; VPD, ventricular premature depolarization). 


The haemodynamic significance and electrical 
instability of the dysrhythmia should be evaluated 
before therapy and, if therapy is instituted, be re- 
evaluated throughout therapy. The haemodynamic 
significance of a dysrhythmia depends on the impact 
of the dysrhythmia on cardiac output. During tachy- 
dysrhythmias, premature contractions of the ventricle 
related to supraventricular or ventricular premature 
depolarizations are associated with decreased stroke 
volume due to incomplete diastolic ventricular filling 
and abnormal patterns of ventricular contraction. This 
decreased stroke volume is detected clinically as a 
‘pulse deficit’, an auscultatable heartbeat that is not 
followed by a palpable peripheral pulse. If heart rate 
is within the normal range for a dog or cat and pulse 
deficits are not detected, it is unlikely that any dys- 
rhythmia will require direct treatment (see ‘acceler- 
ated idioventricular rhythms’, below). If pulse deficits 
are present, the ECG should be evaluated carefully to 
determine whether specific anti-dysrhythmic therapy 
is warranted. Sinus bradycardia and sinus arrest are 
associated with normal to slightly augmented stroke 
volume, due to prolonged diastolic filling times, but 
patients with these dysrhythmias have decreased 
overall cardiac output due to their limited heart rate. 
Thus, even though pulses may be palpably normal 
and no pulse deficits may be detected, cardiac output 
may be compromised to a critical level in some 
patients with profound sinus bradydysrhythmias. Simi- 
larly, the combination of decreased stroke volume (due 
to abnormal ventricular contraction) and bradycardia 
associated with third-degree atrioventricular block 
(AVB) may contribute to haemodynamic compromise. 
As in other bradycardic patients, acceptable periph- 
eral pulse strength does not necessarily indicate 
adequate cardiac output. 

The choice of an anti-dysrhythmic medication or pro- 
cedure is based on the clinician's knowledge of which 
agent or treatment modality is appropriate, effective, 
available, practical to administer and affordable. The 


clinician should always have several therapeutic 
options in mind when choosing an anti-dysrhythmic 
regimen, then tailor the regimen to fit the patient. Most 
dysrhythmias are treated according to the origin of 
the dysrhythmia (e.g. supraventricular vs. ventricular), 
some are treated based on the proposed mechanism 
of the dysrhythmia (e.g. re-entry vs. increased auto- 
maticity), and some dysrhythmias are treated by 
palliative methods that control the clinical signs 
without attempting to address the origin of the dys- 
rhythmia directly (e.g. pacemaker implantation for 
third-degree AVB). 


Dysrhythmias and shock 

A common clinical dilemma involves the presence of 
a severe tachy- or bradydysrhythmia in a patient ex- 
hibiting signs of collapse or shock. The key question 
is whether the dysrhythmia alone could be responsi- 
ble for the patient's poor perfusion or whether it is 
co-existing with another cause of shock, commonly 
hypovolaemia. In the ideal situation, co-existing ab- 
normalities would be treated simultaneously, but in 
many cases, the clinician must immediately weigh the 
relative contributions of both abnormalities to the clini- 
cal signs, and treat accordingly. Guidelines for deter- 
mining the course of therapy in dysrhythmic shock 
patients must be general and allow for patient varia- 
tion, but some general guidelines may be followed. 
Specific therapeutic recommendations appear in sub- 
sequent sections. 


Bradydysrhythmias and shock 

Sinus bradycardia, sinus arrest, or bradycardia asso- 
ciated with second- or third-degree AVB is an inappro- 
priate response to shock of any cause. The presence 
of an abnormally low heart rate in a patient with signs 
of poor cardiac output should lead the clinician to sus- 
pect primary cardiac disease (e.g. abnormal sinus node 
function or AVB), profound electrolyte disturbances 
(e.g. hyperkalaemia or hypocalcaemia), drug toxicity 
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(e.g. digoxin) or neurological disorders, especially 
space-occupying lesions or cerebral oedema. When 
atrial standstill (also termed atrial asystole or 
sinoventricular rhythm) is present, hyperkalaemia 
should be ruled out as quickly as possible; presump- 
tive therapy for hyperkalaemia (see Chapter 5) should 
be administered prior to confirmation of potassium con- 
centrations if the patient is bradycardic with an appro- 
priate clinical disease (e.g. urinary obstruction, acute 
renal failure or hypoadrenocorticism) and ECG find- 
ings suggestive of hyperkalaemia (Figure 6.12). If 
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third-degree block is present with an escape rhythm 
that is excessively slow (i.e. <30 bpm), irregular or 
multiform in appearance, intravenous catecholamine 
support should be initiated immediately and a tempo- 
rary or permanent pacemaker implanted as soon as 
possible (Figure 6.13). Temporary transthoracic pac- 
ing can be used in patients with third-degree AVB, clini- 
cal signs and an unstable escape rhythm. This requires 
general anaesthesia and is usually only carried out as 
a prelude to permanent pacemaker implantation 
(DeFrancesco et al., 2003). 
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Gp Two lead II ECG recordings (25 mm/s, dots indicate 1 sec markers) from (a) a dog with hypoadrenocorticism 
and (b) a cat with aortic thromboembolism. Despite similar serum concentrations of potassium (approximately 
10 mmol/l in both cases), the appearance of the ECG differs. In both cases, bradycardia is present and P waves are not 
identifiable. Normal width QRS complexes with tall T waves are noted in strip (a), but abnormal intraventricular 
conduction is diagnosed based on the wide and bizarre appearance of the QRS complexes in strip (b). Immediate 
therapy for hyperkalaemia is indicated. 
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Lead II ECG recorded from a 12-year-old Chesapeake Bay Retriever with acute collapse. (a) Third-degree 
heart block is present. Unconducted P waves (arrowed) are noted with unrelated ventricular escape complexes 
at a ventricular rate of 40 bpm. (b) Failure of the escape focus leads to intermittent ventricular asystole and clinical 
collapse; these asystolic periods are terminated by a rapid ventricular rhythm at a rate of 100 bpm. (e) Successful 
‘capture’ of the ventricular rhythm is achieved via insertion of a temporary pacing lead into the right ventricle via the 
jugular vein. Arrows identify pacing spikes. (continues) > 
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| 6.13 | (continued) Lead Il ECG recorded from a 12-year-old Chesapeake Bay Retriever with acute collapse. 

(d) Migration of the temporary pacing lead to the right ventricular outflow tract is associated with paroxysms 
of ventricular tachycardia (VT). The ventricular tachycardia resolved with repositioning of the lead wire. All strips are 
recorded at 25 mm/s. 


Supraventricular tachycardias and shock 
Supraventricular tachycardia (SVT) associated with 
signs of shock may itself be the cause of the low out- 
put signs, or may result from whatever cardiac insult 
led to the signs of shock. In some cases, SVT will 
spontaneously resolve when the patient has been sta- 
bilized. Unfortunately, it is often difficult to discern 
which patients will revert to sinus rhythm without di- 
rect anti-dysrhythmic therapy. In general, if the patient 
has no other signs of primary cardiac disease and 
has hypovolaemic or distributive shock, aggressive 
therapy for the shock usually results in slowing or 
conversion of the abnormal rhythm. The patient 
should, however, be monitored closely for develop- 
ment of pulmonary oedema during rapid fluid infu- 
sions. If SVT persists, direct anti-dysrhythmic therapy 
may be instituted. In either case, vagal manoeuvres 
may be attempted to convert the SVT to sinus rhythm. 
Atrial fibrillation (AF) is seldom found in patients 
free of cardiac disease. When AF is present in a patient 
with cardiogenic shock, signs of CHF are treated first, 
especially if pulmonary oedema is present. Once CHF 
is stabilized, therapy of AF is pursued with the goal of 
limiting ventricular response rate to less than approxi- 
mately 160 bpm in dogs or less than 180 bpm in cats. 
A special case exists when catecholamines must be 
administered for positive inotropic effects. In these 
situations, administration of drugs such as dopamine 


25 mm/s, 1cm : 1mV 


or dobutamine may increase ventricular response rate 
to atrial fibrillation to markedly rapid rates (>250 bpm). 
In these cases, simultaneous administration of 
diltiazem at typical clinical doses may help to limit 
ventricular response. In very acute and severe cases, 
diltiazem may be delivered as a slow intravenous bolus 
followed by a CRI, rather than orally. 


Ventricular tachycardia and shock 

Ventricular tachycardia (VT) should be treated directly 
with intravenous anti-dysrhythmic medications if the 
rate of depolarization is rapid and the patient appears 
haemodynamically compromised. At increasing rates 
of depolarization, especially those greater than 240 
bpm (Figure 6.14a), VT may be electrically unstable 
and must be addressed immediately to support car- 
diac output and avoid ventricular fibrillation. Frequent 
ventricular premature depolarizations (VPDs), espe- 
cially if multiform in appearance, or repetitive VPDs 
occurring in pairs or paroxysms of ventricular tachy- 
cardia, are often treated directly (Figure 6.14b), butin 
some cases, may resolve with therapy of underlying 
disease. In cases where the chances of adverse drug 
effects are low (e.g. use of lidocaine in dogs), pre- 
sumptive administration of anti-dysrhythmic medica- 
tion to patients with ventricular tachydysrhythmias may 
be advisable until the patient's haemodynamic situa- 
tion is improved. 
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| 6.14 | Lead II ECG recordings (25 mm/s) from two dogs with ventricular tachycardia. In both cases, immediate 
therapy is recommended. (a) Uniform ventricular ectopics occur at an overall rate of 120 per minute, but the 
rate of ventricular depolarization during paroxysms of ventricular tachycardia (marked by bars) exceeds 300 bpm. 

(b) Repetitive multiform ventricular premature depolarizations occur at a rate of approximately 120 VPD/min. Closed and 
open arrows identify two differing ventricular complex configurations. 
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Therapy of bradydysrhythmias 
Bradydysrhythmias may be relatively benign or may 
be life threatening. The primary focus of evaluation 
of the bradycardic emergency patient is the differen- 
tiation of vagally mediated bradydysrhythmias from 
pathological dysrhythmias. If the signs of low car- 
diac output persist after elimination of the bradydys- 
rhythmia using vagolytic therapy, one can conclude 
that the slow heart rate was not the cause of the 
clinical signs. 


Sinus bradycardia, sinus arrest, sick sinus 
syndrome 

Sinus bradycardia with or without sinus arrest may 
reflect a primary problem with sinus node function or 
reflect systemic abnormalities, especially those which 
enhance vagal activity. Sinus bradycardia may be 
associated with the use of some sedatives, anaes- 
thetic agents, anti-dysrhythmic medications and medi- 
cations or conditions that alter electrolyte balance. 
These bradycardias are usually self-limiting and re- 
solve with removal of the underlying cause. Clinical 
signs that may be attributed to bradycardia include 
exercise intolerance, weakness, lethargy and, if peri- 
ods of sinus arrest occur, syncopal episodes. In some 
cases, sinus node disease may be suspected if ‘inap- 
propriate’ bradycardia is present in a critically ill patient. 
Sick sinus syndrome is a Clinical syndrome consist- 
ing of variable combinations of sinus bradycardia, si- 
nus arrest and SVT (Figure 6.15). Affected animals 
may show no clinical signs but more often exhibit leth- 
argy, exercise intolerance and syncope. Although 
death as a result of this dysrhythmia is rare, clinical 
signs may severely compromise quality of life in 
affected animals. 


All animals presented for emergency examination 
that are found to have bradycardia on physical ex- 
amination should have an ECG recorded to diagnose 
the dysrhythmia. Dogs with sinus rhythms at rates be- 
low ‘normal range’ but no other ECG abnormalities 
should be monitored as they are treated for their un- 
derlying disease. Dogs and cats that show clinical 
signs of exercise intolerance, weakness, lethargy, 
syncope or other ‘collapse’ behaviours and have 
sinus bradycardia should be further evaluated through 
the administration of atropine or glycopyrrolate. 
Vagally mediated (physiological) sinus bradycardia will 
be abolished by administration of such vagolytic drugs, 
and bradycardia, as an aetiology for the clinical signs, 
may be ruled out. 

If administration of vagolytic drugs is unsuccess- 
ful in converting sinus bradydysrhythmias to a sinus 
rhythm at an appropriate rate and clinical signs ap- 
pear to be associated with poor cardiac output, posi- 
tive chronotropic drugs may be administered as 
temporary support until a temporary or permanent 
pacemaker can be implanted. Dopamine, dobutamine 
or isoprenaline may be used to attempt to support 
heart rate in affected animals. These drugs are ad- 
ministered via CRI and dosed ‘to effect’; continuous 
ECG and invasive blood pressure monitoring are used 
to document adequate elevations in blood pressure 
while monitoring for dysrhythmias that may be caused 
by these catecholamines. If periods of sinus arrest 
alternate with SVT on the pre-treatment ECG, con- 
current therapy for the SVT may be needed once 
blood pressure has been supported with the 
catecholamines. Temporary pacing with an intra- 
venous pacing lead or external thoracic pacing 
leads, if available, may be used to support heart rate 


Gp Lead II ECG recording (25 mm/s, 0.5 cm:1 mv) from a Miniature Schnauzer with sick sinus syndrome. Sinus 
rhythm is apparent intermittently, alternating with periods of sinus arrest (bar) terminated by a ventricular 
escape complex (arrow). Paroxysmal supraventricular tachycardia (SVT) is intermittently present. When the dog is 
stimulated (‘door opened’), a normal sinus rhythm resumes. No emergency therapy for the dysrhythmia was indicated, 
but a permanent transvenous pacemaker was successfully implanted the following day. 
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until a permanent pacemaker can be implanted. Short- 
term catecholamine support may be necessary to 
maintain blood pressure during placement of the tem- 
porary pacing lead. 


Atrial standstill (atrial asystole) 

Atrial standstill may be a primary problem (associ- 
ated with atrial myopathies) or occur as a result of 
systemic abnormalities such as hyperkalaemia or 
digitalis intoxication. When hyperkalaemia is the 
underlying cause, administration of anticholinergics 
may increase the heart rate minimally, but immedi- 
ate, definitive therapy of the hyperkalaemic state is 
necessary to prevent ventricular asystole and death 
of the patient. If increased potassium concentrations 
are acute, serum potassium concentrations >6.5 
mmol/l should be treated immediately, and the un- 
derlying cause (e.g. urethral obstruction) should be 
addressed. In severe cases (potassium >8 mmol/l), 
the hyperkalaemia should be treated prior to any 
other therapy; if typical ECG abnormalities are noted 
in a patient with compatible underlying disease, pre- 
sumed hyperkalaemia must be treated even if meas- 
ured serum potassium concentrations are not 
immediately available. Acute hyperkalaemia may be 
treated with intravenous calcium gluconate, intra- 
venous glucose with or without insulin, or intravenous 
sodium bicarbonate (see Figure 6.5). If atrial stand- 
still is persistent and due to pathological changes in 
the atrium itself, it is treated as AVB (below). Bizarre 
escape rhythms (see Figure 6.12) may develop in 
response to hyperkalaemia-associated or persistent 
atrial standstill; it is imperative to recognize escape 
rhythms as such and avoid suppressing these life- 
sustaining rhythms. 


Atrioventricular block 

High vagal tone or drug-related slowing of nodal con- 
duction are the most common causes of first- or 
second-degree AVB. First-degree AVB (i.e. prolonged 
P-Q interval) may occur as a physiological slowing 
mechanism during episodes of SVT, and is not treated 
under this clinical circumstance. First-degree AVB 
seldom leads to clinical signs in itself but may reflect 
metabolic abnormalities (e.g. hyperkalaemia) or drug 
toxicities (e.g. digoxin toxicity) that may be associ- 
ated with clinical signs. 

Vagally mediated second-degree AVB is usually 
abolished by exercise, excitement or stress and there- 
fore is rarely seen in emergency patients. Second- 
degree AVB resulting from AV nodal disease is 
permanent, non-responsive to vagolytic drugs and 
may lead to clinical signs of low cardiac output, es- 
pecially during exercise. True syncope may occur if 
second-degree AVB results in long periods of ven- 
tricular asystole. 

Third-degree AVB is manifest as P waves (usu- 
ally occurring at a normal or increased sinus rate) 
with no relation to QRS complexes (see Figure 
6.13). In most cases, the escape rhythm is ventricu- 
lar in origin and at a slow rate (25-40 beats per 
minute), but escape rhythms may originate in the 
AV node or bundle of His, leading to a faster escape 
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rhythm (i.e. 60-100 bpm). If clinical signs of low 
cardiac output are present in association with sec- 
ond- or third-degree AVB, temporary or permanent 
pacemaker implantation is warranted. Catechola- 
mines may be administered to support heart rate but 
may result in serious dysrhythmias without increas- 
ing the ventricular escape rate sufficiently to sup- 
port blood pressure. 

In some cases, second- or third-degree AVB may 
be present without clinical signs. This is frequently 
the case when third-degree AVB is diagnosed in cats. 
Therapy of other diseases precedes further consid- 
eration of the bradycardia in these feline patients, 
but patients should be closely monitored for devel- 
opment of signs of fluid overload if aggressive fluid 
therapy is administered. In contrast, clinically silent 
third-degree AVB in dogs requires timely pacemaker 
implantation due to the significant risk of sudden 
death in these patients. 


Therapy of tachydysrhythmias 

Classification of anti-dysrhythmic agents into medi- 
cations useful to treat supraventricular tachydys- 
rhythmias, ventricular tachydysrhythmias, or both, is 
helpful when choosing drugs in an emergency. Divi- 
sion of tachydysrhythmias into supraventricular and 
ventricular categories allows development of a hier- 
archy of medications in the clinician's repertoire. In 
most cases, first-line or standard drug therapy is 
successful for dysrhythmia management. If unsuc- 
cessful, ‘second-’ or ‘third-line’ drugs may be substi- 
tuted or added to first-line therapy. If a first-line 
medication is contraindicated in an individual patient, 
a second- or third-line drug may be the most appro- 
priate therapy to be used initially. 


Supraventricular tachydysrhythmias 
Supraventricular tachydysrhythmias can be divided 
into sinus rhythms (sinus tachycardia), and non- 
sinus rhythms (atrial, junctional and nodal re-entry 
rhythms). Medications commonly used for therapy 
of ectopic supraventricular dysrhythmias (e.g. atrial 
tachycardia, atrial fibrillation) include oral digitalis 
glycosides (DG), oral or intravenous beta blocking 
agents and oral or intravenous calcium channel 
blocking agents (CCB) (Figures 6.16 and 6.17). 
Other medications that have been used when 
dysrhythmias are refractory or side effects limit use 
of first-line drugs include quinidine, sotalol, 
procainamide and amiodarone. These drugs may 
be administered to treat both supraventricular and 
ventricular dysrhythmias, but because of more fre- 
quent occurrence of side effects with their use, other 
anti-dysrhythmic medications are usually preferred 
as first-line agents for therapy of supraventricular 
dysrhythmias. 

Sinus tachycardia may be associated with many 
systemic abnormalities and is treated by rectifying the 
underlying abnormality (hypovolaemia, hyperthermia, 
infection, etc.). Sinus tachycardia is often associated 
with cardiac disease, especially in the presence of 
CHF. Under these circumstances, control of CHF usu- 
ally results in resolution of the tachycardia. 
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Lead II ECG recordings (25 mm/s) from a dog with severe pancreatitis but no primary cardiac disease. 

(a) Atrial tachycardia at a rate of approximately 270 bpm is present. Vagal manoeuvres were unsuccessful in 
converting the atrial tachycardia to sinus rhythm. (b) 4 minutes after intravenous administration of propranolol, sinus 
beats conducted with first-degree atrioventricular block are present (closed arrows). Frequent atrial premature 
depolarizations (open arrows) remain. (e) 4 hours later, a sinus rhythm is present at a heart rate of 110 bpm, but 
occasional atrial premature depolarizations remain (open arrows). 


7 


Lead II ECG recordings (25 mm/s) from a dog with dilated cardiomyopathy and atrial fibrillation. (a) Untreated, 
i the ventricular response rate to atrial fibrillation exceeds 220 bpm. (b) 24 hours after initiation of therapy with 
oral diltiazem, ventricular response to atrial fibrillation is approximately 140-160 bpm. 


Atrial ectopic depolarizations: Single atrial ectopic 
depolarizations may not require therapy if they oc- 
cur at low frequency, are not related to CHF or 
known structural heart disease and are not associ- 
ated with clinical signs. Occasionally, single atrial 
ectopics in an animal with a history of syncope may 
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reflect undetected paroxysmal SVT. It is not usually 
necessary to treat isolated atrial ectopics on an emer- 
gency basis. 


Supraventricular tachycardias: SVT (atrial tachy- 
cardia or nodal re-entry tachycardia) is not always 


associated with clinical signs, but if paroxysms of SVT 
are frequent, sustained SVT is present, or the dys- 
rhythmia is associated with signs of overt heart fail- 
ure or hypotension, emergency therapy may be 
required prior to definitive diagnosis. Emergency 
therapy for SVT includes augmentation of vagal tone 
via ocular pressure or carotid sinus stimulation 
(‘vagal manoeuvre’). This procedure may abruptly 
abolish the tachycardia (suggesting that the dysrhyth- 
mia was SVT) or transiently slow the rate of discharge 
(suggesting sinus tachycardia). If these manoeuvres 
are unsuccessful initially, they may be successful 
after supraventricular anti-dysrhythmic medications 
have been administered (e.g. beta blocking agents). 
Vagal manoeuvres are frequently unsuccessful in con- 
version of SVT associated with primary cardiac dis- 
ease. Intravenous administration of beta blocking 
agents (propranolol or esmolol) or CCB (diltiazem) can 
be used on an emergency basis to convert persistent 
SVT to normal sinus rhythm (see Figure 6.16). Each 
of these medications may have significant negative 
inotropic and hypotensive effects, and they are ad- 
ministered as a slow intravenous bolus to avoid pre- 
cipitation or exacerbation of clinical signs. 


Junctional tachycardia: Junctional tachycardias are 
usually not life threatening and if the rate of depolari- 
zation allows for adequate ventricular filling (i.e. heart 
rate <140 bpm with no pulse deficits), junctional tachy- 
cardia is not usually treated directly. The presence of 
junctional tachycardia may reflect systemic metabolic 
derangements (e.g. electrolyte imbalance) or drug 
toxicity (e.g. digoxin toxicity). Detection of this dys- 
rhythmia should prompt investigation of the drug and 
metabolic status of the patient even when direct anti- 
dysrhythmic therapy is not needed. 


Atrial fibrillation: AF is most frequently diagnosed in 
emergency patients as a complication of severe car- 
diac disease. Acute occurrence of AF in previously 
stable CHF patients may be associated with sudden 
decompensation, but conversion of AF to a normal 
sinus rhythm may not be feasible due to the presence 
of severe underlying cardiac disease. Atrial fibrillation 
results in a rapid and irregular ventricular response to 
the high rate of atrial depolarization. In cases where 
medical therapy is the method of choice, the thera- 
peutic goal for most cases of atrial fibrillation is con- 
trol of the ventricular response rate. In severe heart 
failure, the patient may be dependent on an elevated 
heart rate to support cardiac output, so decreasing 
the rate of ventricular response must be approached 
with caution. Anti-dysrhythmic drugs used for this pur- 
pose are often ‘titrated’ to the desired clinical effect. 
Intravenous administration of diltiazem may be used 
acutely to decrease the ventricular response to AF 
when extreme tachycardia is limiting resolution of CHF 
or when catecholamines must be administered for ino- 
tropic support. Close monitoring of ECG and blood 
pressure during administration is advisable. Acute oral 
administration of the CCB diltiazem is a slower method 
of decreasing ventricular response to AF in emergency 
patients but may be used if intravenous diltiazem is 
not available (see Figure 6.17). Side effects of slow 
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intravenous or oral diltiazem are rare, but may include 
negative inotropic effects (worsening of CHF signs) 
or acute hypotension. Acute administration of beta 
blockers will slow the ventricular response rate in AF, 
but negative inotropic effects make the use of these 
drugs contraindicated in CHF patients. Atrial flutter is 
a rare dysrhythmia that involves very high rates of 
atrial depolarization and very rapid ventricular re- 
sponse. It is treated similarly to atrial fibrillation. 


Ventricular dysrhythmias 

Ventricular anti-dysrhythmics may be divided into 
medications used intravenously (e.g. lidocaine, 
procainamide) and those used chronically (usually 
orally) to treat various types of ventricular ectopy 
(quinidine, sotalol, atenolol, propranolol, mexiletine) 
(see Figure 6.5). 


Ventricular premature depolarizations: VPDs may 
or may not require direct intervention. In veterinary 
emergency cases, VPDs should be treated directly 
under the following circumstances: 


* If the patient is symptomatic for the dysrhythmia 
(e.g. syncope, weakness, hypotension) 

* If paroxysmal or sustained fast ventricular 
tachycardia (VT) (three or more ventricular 
depolarizations in a row) is present. 


In addition, therapy of VPDs may be considered if 
multiform VPDs are present or single VPDs occur 
frequently and the patient is considered to be at high 
risk of the development of a worse dysrhythmia. Hypo- 
tension in the presence of ventricular dysrhythmias 
warrants anti-dysrhythmic therapy in addition to 
therapy for blood pressure support. 


Ventricular tachycardia: In dogs, VT is treated with 
parenteral ventricular anti-dysrhythmic medications. 
Lidocaine is the first-line drug of choice for dogs with 
VT, and administration of one to three boluses of lido- 
caine intravenously will lead to the conversion of the 
majority of VT to sinus rhythm. Lidocaine has a short 
half-life and usually needs to be given as a CRI after 
bolus loading has achieved therapeutic blood levels. 
Additional boluses of lidocaine may be necessary to 
control tachycardia until stable therapeutic levels are 
reached and maintained. Lidocaine toxicity is en- 
hanced when there is hepatic compromise and when 
lidocaine is administered in the presence of several 
medications, including beta blockers and cimetidine. 
The dose of lidocaine should be halved and titrated 
to effect when these medications are used, or intra- 
venous procainamide may be substituted as emer- 
gency therapy. Common signs of lidocaine toxicity are 
depression, nystagmus, head-bobbing, salivation, 
vomiting or seizures. If any signs of toxicity occur af- 
ter bolus administration, further administration should 
be avoided and intravenous diazepam may be used 
to control seizures temporarily. Ultimately, neurologi- 
cal side effects related to lidocaine administration 
cease with discontinuation of the drug. Lidocaine is 
less effective in the presence of hypokalaemia; nor- 
mal potassium balance should be restored to allow 
maximal beneficial effect of lidocaine administration. 
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If lidocaine administration fails to control ventricu- 
lar tachycardia, intravenous procainamide is recom- 
mended as a second-line drug. Other possibilities 
include quinidine, beta blockers or other anti- 
dysrhythmic agents, or combinations of these medi- 
cations. Procainamide, sotalol or quinidine may also 
be administered parenterally. Procainamide appears 
to be associated with fewer side effects than quini- 
dine and is recommended acutely if lidocaine is in- 
effective. Intravenous quinidine has significant 
myocardial depressant and hypotensive effects and 
this route of administration is usually not recom- 
mended unless other, less hypotensive, drugs have 
failed to control the dysrhythmia and acute therapy is 
required. If CHF is not present and the patient is no 
longer hypotensive after acute resolution of VT, oral 
sotalol or mexiletine (with or without atenolol) may 
be initiated as administration of intravenous therapy 
is gradually decreased. Refractory ventricular tachy- 
cardia may respond to synchronized direct current 
(DC) cardioversion if this is available (see below). 

Cats with ventricular dysrhythmias are treated dif- 
ferently to dogs. When VT is present in hypoxic patients, 
resolution of hypoxia may lead to resolution of the 
dysrhythmia. If VT must be treated directly, beta block- 
ing agents are the ventricular anti-dysrhythmic agents 
of choice. Intravenous propranolol (non-selective beta 
blocker) or esmolol (cardioselective beta blocker) is 
given as a slow bolus and continued as a CRI as re- 
quired. Oral beta blockers (e.g. propranolol, atenolol) 
may be administered as needed to control dysrhythmias 
if intravenous access is not available, but onset and 
effects may be less predictable. Procainamide may 
also be used as a ventricular anti-dysrhythmic in cats, 
but quinidine may not be tolerated due to frequent gas- 
trointestinal side effects. Lidocaine is tolerated by cats 
if given slowly at doses much lower than those recom- 
mended for dogs; toxicity usually results in neurologi- 
cal signs. 


Accelerated idioventricular rhythms (idioventricu- 
lar tachycardias): Accelerated idioventricular rhythms 
are ventricular rhythms with a slower rate of depolari- 
zation than ventricular tachycardia. Most accelerated 
idioventricular rhythms depolarize at a rate close to 
the sinus rate. In some cases, the accelerated idioven- 
tricular rhythm will become manifest intermittently 


when sinus rate slows slightly due to respiratory si- 
nus arrhythmia (Figure 6.18). These rhythms are usu- 
ally diagnosed in patients with significant systemic 
disease or trauma, and are thought to be related to 
changes in autonomic tone or myocardial perfusion 
(Abbott, 1995). ECG characteristics of idioventricular 
tachycardia include a rate of depolarization of <160 
bpm (usually <140 bpm) with a regular and uniform 
appearance. Initial ventricular ectopics in a ‘run’ usu- 
ally occur late in diastole and fusion beats may be 
present. The rhythm disappears when sinus rate in- 
creases (e.g. excitement or administration of vagolytic 
drugs), but does not typically respond to lidocaine 
administration. Patients with idioventricular rhythms 
do not typically display overt signs of hypotension. 
Although qualitative decreases in pulse pressure may 
be detectable, pulse deficits are usually not signifi- 
cant. Direct therapy of an accelerated idioventricular 
rhythm in an animal without signs of primary cardiac 
disease is often unnecessary; the rhythm will resolve 
with resolution of the underlying systemic abnormali- 
ties. Direct anti-dysrhythmic therapy may become nec- 
essary if idioventricular tachycardia is complicated by 
other ventricular ectopics and detection of pulse defi- 
cits should lead to reconsideration of a previous deci- 
sion not to treat. If the ventricular rate exceeds 160 
bpm, in conjunction with clinical signs suggestive of 
compromised perfusion, anti-dysrhythmic therapy 
should be considered. 


Synchronous DC cardioversion 

Synchronous DC cardioversion is an electrical treat- 
ment method that can be used in an attempt to 
manage both supraventricular and ventricular 
tachydysrhythmias. The technique relies on the fact 
that certain types of dysrhythmia, particularly those 
dependent on macro or micro re-entry (which usually 
cannot be determined from the surface ECG) need to 
be conducted into areas of non-refractory myocardium 
in order to be sustained. In theory therefore, if all of 
the myocardium can be simultaneously rendered re- 
fractory, i.e. if all the myocardium can be depolarized 
simultaneously, the rhythm disturbance will no longer 
be sustainable. Delivery to the heart of an electrical 
shock of sufficient magnitude may allow this to hap- 
pen. In order to avoid the induction of worse dysrhyth- 
mias, particularly ventricular fibrillation, it is important 


Gp Lead Il ECG (25 mm/s, dots along the bottom are 1 second markers) recorded from a systemically ill dog with 
no evidence of primary cardiac disease. An accelerated idioventricular rhythm is noted at the beginning of the 
recording, with a ventricular rate of approximately 140 bpm. When the sinus rate exceeds the ventricular depolarization 
rate (instantaneous heart rate approximately 160 bpm at arrow), the sinus node resumes control of the heart rate. When 
the sinus node slows, the ventricular rhythm is again apparent. Mean arterial pressure remained normal throughout the 
recording. No direct anti-dysrhythmic medications were indicated; this rhythm abnormality resolved within 24 hours. 
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Gp DC cardioversion of atrial fibrillation to sinus rhythm. The first four QRS complexes on the ECG are indicated 
by solid arrows, demonstrating that the defibrillator is adequately sensing the QRS complexes. The ECG 
baseline prior to the delivery of the shock shows coarse undulation and no evidence of P waves, consistent with atrial 
fibrillation. Immediately after the fourth QRS complex a 200 Joule shock is delivered. This shock is delivered very shortly 
after the peak of the R wave to ensure that it does not occur during the vulnerable period of ventricular repolarization. 
The shock is followed by a supraventricular depolarization with a biphasic P wave, a ventricular premature depolarization 
and then resumption of sinus rhythm with normal P wave configuration. This represents successful cardioversion. 


that this shock should not be delivered during the vul- 
nerable phase of repolarization. This can be avoided 
by delivering the shock almost immediately after a 
detected QRS complex (hence the word synchro- 
nous). This method can be used to attempt to treat 
medically refractory ventricular tachycardia, atrial 
tachydysrhythmias and atrial fibrillation. It is currently 
most widely used in dogs for treatment of atrial fibril- 
lation (Bright et a/., 2005). Figure 6.19 shows a suc- 
cessful conversion from atrial fibrillation to sinus 
rhythm following the administration of a shock. Any 
patient with a sustained haemodynamically significant, 
medically refractory tachydysrhythmia could be con- 
sidered to be a candidate for cardioversion. However, 
patients must be anaesthetized prior to delivery of the 
shock, which may limit the usefulness of the technique 
in haemodynamically unstable patients. 


Vascular emergencies 


Hypertension: recognition and emergency 
stabilization 


Key points 


* Systemic hypertension in veterinary patients is 
usually secondary to metabolic disease. 

* Acute blindness due to retinal detachment may 
be the only presenting sign of systemic 
hypertension. 

* Hypertensive crisis may result in neurological signs. 

* Aggressive vasodilating therapy is indicated to 
prevent permanent debilitation. 


Recognition and chronic management of systemic 
hypertension is a relatively recent development in clini- 
cal veterinary medicine, and little clinical literature is 
available addressing the therapy of acute, naturally 
occurring hypertension in dogs and cats. Management 
of hypertension is complicated by lack of agreement 
regarding methods of measurement and ‘cut-off’ val- 
ues for diagnosis. The term ‘hypertensive crisis’ is 
used in human medicine to refer to clinical circum- 
stances requiring rapid reduction of blood pressure. 
Clinical abnormalities may include acute damage to 
retinal vessels (haemorrhage, exudates, oedema or 
detachment), encephalopathic signs, cerebral infarc- 
tion, acute aortic dissection and acute CHF. In dogs 
and cats, acute ocular signs are the most frequent 


indicator of malignant hypertension, but neurological 
signs (e.g. seizures, ataxia) may be seen. Conges- 
tive heart failure is a rare presentation of systemic 
hypertension in veterinary medicine, but cardiac mur- 
murs are common in hypertensive animals. Diagno- 
sis of acute retinal detachment, especially with 
hyphaema, or the coincidence of compatible ocular 
signs with neurological signs should lead the clinician 
to suspect hypertensive crisis and act quickly to diag- 
nose and treat the abnormality. 


Diagnosis 

Systemic hypertension must be suspected before it 
can be diagnosed. Animals presented for acute blind- 
ness, intraocular haemorrhage or epistaxis should 
have their blood pressure assessed at initial presen- 
tation. In addition, animals noted to have signs asso- 
ciated with hypertensive retinopathy (e.g. tortuous 
retinal vessels, retinal haemorrhage, papilloedema) 
on routine fundic examination, especially if concur- 
rent neurological abnormalities are present, should 
have their blood pressure assessed immediately. Any 
patient presented with intracranial neurological signs, 
such as stupor, mentation changes or photophobia, 
should be screened for hypertension. Lastly, because 
several systemic diseases are known to be associ- 
ated with hypertension in dogs (e.g. hyperadrenocor- 
ticism, protein-losing nephropathy) and cats (e.g. 
chronic renal disease, thyrotoxicosis), routine blood 
pressure assessment should be part of the routine 
diagnostic testing and monitoring of these diseases. 

Several methods of blood pressure measurement 
have been used clinically in veterinary patients. The 
usefulness and repeatability of any method is user- 
dependent; the goal of any method is to produce re- 
peatable results with minimal stress to the patient. In 
some cases, more invasive methods are less stress- 
ful. If an arterial catheter is placed, once the catheter 
is in place in the artery, repeated manipulation of the 
animal is unnecessary. Direct or Doppler-measured 
values are recommended in cases of suspected hyper- 
tension; oscillometric methods, while useful for moni- 
toring trends, may be time-consuming and unreliable 
as single-assessment measurements, and may under- 
estimate values at higher pressures. 

Non-invasively measured blood pressure values 
diagnostic of hypertension are >160 mmHg (systolic) 
and >100 mmHg (diastolic) for both dogs and cats, 
regardless of the method of blood pressure measure- 
ment. Even though a large range of normal values 
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exist, depending on the technique used and operator- 
dependent effects, the presence of clinical signs of 
hypertension is usually associated with values well 
above normal ranges. Abnormal elevation in either 
systolic pressure, diastolic pressure or both should be 
considered consistent with hypertension, and further 
clarification of the patient's clinical signs and any 
co-morbid conditions should be sought. Arterial cath- 
eterization can be used to diagnose or to confirm 
hypertension in dogs but is typically used only for moni- 
toring during anaesthesia or intensive care in cats. 

The rapidity with which a patient's blood pressure 
has increased is more important in the generation of 
Clinical signs than the absolute value of the blood pres- 
sure. Animals with rapidly developing increases in 
blood pressure will show clinical signs at values slightly 
higher than normal range, while some animals with 
chronically extremely high pressures show no outward 
clinical signs. When associated with any measured 
elevation in blood pressure, any combination of the 
following signs is indicative of a hypertensive crisis 
and warrants aggressive interventional therapy: 


* Acute blindness, hyphaema or visible retinal 
detachment 

* Acute onset of intracranial neurological 
abnormalities (e.g. seizures, nystagmus, head 
pressing, circling, mentation changes, focal 
cranial nerve abnormalities) 

* Epistaxis. 


Therapy (hypertensive crisis) 
Acute therapy of hypertension is based on aggressive 
use of vasodilating drugs. Blood pressure should 
be monitored frequently throughout initial therapy. 
Furosemide may be a useful adjunct to vasodilating 
therapies for hypertensive crisis, especially when 
hypertensive encephalopathy is present. Care is taken 
not to cause dehydration with overzealous use of diu- 
retics. The target blood pressure range for treatment 
of the hypertensive crisis is a reduction of blood pres- 
sure by 25%, rather than immediate reduction to nor- 
mal levels. In patients with hypertension associated with 
renal failure, urine output should be closely observed 
during therapy, as reduction of blood pressure may 
cause decreases in glomerular filtration and anuria. 
Drugs which may be used to treat a hypertensive 
crisis include: 


* Sodium nitroprusside: intravenous SN is the 
drug of choice for rapid reduction of critical 
hypertension. CRI of SN allows rapid titration of 
blood pressure to desired levels. Continuous 
invasive blood pressure monitoring is required 
when using SN for this purpose. SN should only 
be used for the first 48-72 hours of therapy to 
avoid toxicity; chronic oral anti-hypertensive 
therapy should be initiated as soon as possible 

* Hydralazine: as a direct acting arterial dilator, 
hydralazine causes reliable decreases in blood 
pressure within 1—2 hours after oral administration. 
Patients must be monitored for side effects such 
as tachycardia or inappetence. Concern regarding 
neurohumoral activation after hydralazine 
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administration has led to concurrent 
administration of spironolactone or angiotensin- 
converting enzyme inhibitors in some cases 

* Angiotensin-converting enzyme inhibitors: in 
animals that are in a hypertensive crisis, 
angiotensin-converting enzyme inhibitors may 
be administered as a single therapy or as 
adjunctive therapy with other vasodilators. The 
unreliable and sometimes delayed response to 
these medications makes them less effective 
than other vasodilators in an acute crisis 

* Calcium channel blockers: amlodipine besylate, 
a long-acting CCB, has been advocated for 
chronic therapy of systemic hypertension 
(Henik and Snyder, 1997). The slow onset of 
action of this drug makes it less useful for 
acute therapy of hypertension, but it may be 
administered simultaneously with faster-acting 
agents, then continued chronically once blood 
pressure is controlled. 


A typical therapeutic protocol for hypertensive cri- 
sis includes documentation of elevated blood pressure, 
placement of an intra-arterial catheter for continuous 
blood pressure monitoring if needed (arterial catheters 
may be difficult to place in cats and small dogs, and 
Doppler monitoring is typically used instead in small 
patients) and administration of intravenous or oral 
vasodilators. Clinical signs of hypertensive encepha- 
lopathy should subside rapidly when blood pressure 
decreases, but ocular signs may take days to weeks to 
resolve. In many cases, retinal detachment is perma- 
nent, but some animals regain some visual ability. Once 
blood pressure is decreased acutely and clinical im- 
provement is noted, oral anti-hypertensive agents may 
be initiated. Rapid and consistent control of blood pres- 
sure is necessary to prevent permanent neurological, 
ocular and renal damage; underlying causes of sys- 
temic hypertension should be addressed as soon as 
feasible. In cases of endocrine-related hypertension 
(e.g. hyperadrenocorticism or thyrotoxicosis), adequate 
control of the underlying disease may allow reduction 
or discontinuation of anti-hypertensive medications. 


Thromboembolism: recognition and 
emergency stabilization 


Key points 


* Thromboembolism in cats is usually associated 
with primary cardiac disease. 

* Thromboembolism in dogs is usually secondary 
to systemic disease. 

* Aortic thromboembolism (ATE) should be suspected 
in any case of sudden lameness in cats. 

* Diagnosis is based on physical findings. 

Analgesia is a mainstay of emergency 

management. 

* Careful fluid therapy is recommended to 
support perfusion. 


ATE is acommon and serious complication of the 
feline cardiomyopathies. Thromboembolic events may 
occur in dogs, but are usually associated with systemic 


illness (e.g. hyperadrenocorticism, neoplasia) rather 
than primary cardiac disease. In cats, acute decom- 
pensation of cardiac disease may occur due to the pain 
and stress of ATE. 

Many ATE patients are euthanased due to the se- 
verity of the signs, severity of concurrent heart dis- 
ease or overall guarded prognosis for return to 
function, but some animals can survive to live com- 
fortably for many additional months. Patients who are 
systemically stable or can be rapidly stabilized often 
exhibit slow, steady progress toward improved func- 
tion of the affected limbs. Improvement in motor 
function of affected limbs may be seen as early as 
3 days after ATE, and supportive care at home can 
result in gradual return to function over a period of 
weeks. If absolutely no improvement is seen in the 
first week, or if the limb itself deteriorates (cutaneous 
oedema formation, gas gangrene), full recovery of limb 
function is unlikely, but amputation of the affected limb 
is a viable possibility in stable patients. 


Diagnosis 

Physical findings in cases of peripheral thrombo- 
embolism are specific. Affected limbs are paretic or 
paralysed; there is pallor of the affected footpads or 
nailbeds and a lack of arterial pulse to the affected 
leg(s). The leg(s) are cool to the touch and may be 
stiff if contracture of major muscle groups is present. 
Complete paralysis may not be present; peripheral 
pulses should be carefully evaluated in any case of 
acute lameness in cats. Affected animals are usually 
painful and may vocalize. Cats with ATE related to 
cardiomyopathy are frequently in CHF at the time of 
presentation and may be markedly dyspnoeic. 
Dysrhythmias may be detected on auscultation, and 
confirmed with an ECG recording. Life-threatening 
CHF and dysrhythmias are treated acutely, before 
management of ATE begins. 

Diagnosis of ATE or thromboembolism of other 
sites is usually based on physical examination, com- 
patible history and physical evidence of cardiac dis- 
ease. Although angiography or echocardiography may 
confirm the diagnosis and document underlying dis- 
ease, these tests are not usually necessary for initial 
management. Extensive testing may add unaccept- 
able stress to hospitalization and pose a significant 
risk to the patient. If biochemical evaluation is per- 
formed, abnormalities may include evidence of severe 
muscle injury and organ damage including metabolic 
acidosis and elevations in lactate dehydrogenase, 
creatine kinase, creatinine, aspartate aminotrans- 
ferase and alanine aminotransferase. Evidence of dis- 
seminated intravascular coagulation (DIC) may be 
present on a haemostasis screen. Hyperkalaemia and 
hypermagnesaemia are occasionally noted, reflect- 
ing acidosis, muscle damage, acute renal failure or 
reperfusion phenomena. 


Therapy of aortic thromboembolism 

Therapy of CHF, if present, is the highest priority in the 
management of ATE patients. Some therapies (e.g. 
acepromazine maleate) may be of benefit for therapy of 
CHF and ATE simultaneously. Acute CHF therapy con- 
sisting of diuretics, vasodilators and anti-dysrhythmic 
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therapy, if needed, is administered. Specific therapy 
for ATE may consist of surgical removal of the throm- 
bus, administration of thrombolytic drugs (e.g. tissue 
plasminogen activator (t-PA), streptokinase), or sup- 
portive medical therapy. Surgical removal of the 
thrombus, while a possibility in stable patients, in 
contraindicated in patients with unstable CHF or meta- 
bolic status. Supportive therapy often includes the use 
of anticoagulants to prevent further thrombosis. 


Thrombolytic therapy: Despite initial hopes for 
thrombolytic drugs as acute therapy for ATE in cats, 
consistent success with this mode of therapy has been 
elusive. While t-PA or streptokinase therapy has been 
used in cats with acute ATE, the unfavourable side- 
effect profile and high mortality associated with the 
use of these drugs is discouraging. Acute reperfusion 
of ischaemic tissue may lead to hyperkalaemia, 
hypermagnesaemia and acidosis (i.e. reperfusion syn- 
drome). Successful treatment of peripheral thrombo- 
sis in dogs has been described (Ramsey et al., 1996; 
Clare and Kraje, 1998), but at this time, acute admini- 
stration of thrombolytic drugs should be considered 
experimental and, in general, is not recommended for 
cats with ATE. 


Medical therapy: Before treatment neurological, 
muscular and vascular function is assessed and meta- 
bolic status is established via biochemical analysis 
and blood gas measurements. Stabilization of CHF 
status is an important first step, but care must be taken 
to avoid dehydration, which may make recovery from 
metabolic and thromboembolic problems more diffi- 
cult. The goals of emergency medical therapy for ATE 
include alleviation of pain, support of collateral circu- 
lation to affected muscles and, ultimately, prevention 
of further embolization. 

Alleviation of pain associated with acute muscle 
ischaemia is a major goal of therapy of ATE patients. 
Analgesics recommended for use in cardiac patients 
include morphine, butorphanol, buprenorphine, fen- 
tanyl or oxymorphone. Each of these opioids has ad- 
vantages and disadvantages; clinicians should use 
an available opioid with which they are comfortable. 
The importance of aggressive analgesic therapy can- 
not be over-emphasized as pain itself and the stress 
related to pain are severely debilitating. Analgesic 
drugs should be administered on a strict schedule 
rather than ‘as needed’: there is little doubt that even 
quiet-appearing animals are in pain if major muscle 
groups have become acutely ischaemic or are 
reperfusing. Epidural analgesia, where available, is 
an effective means of controlling the patient's pain 
while allowing the patient to remain alert, allowing their 
condition to be monitored effectively. 

Support of collateral circulation may be achieved 
through the use of vasodilators. Acepromazine 
maleate is the drug most often recommended because 
of its vasodilating and sedating effects. The effect of 
angiotensin-converting enzyme inhibitors on perfusion 
in cases of ATE is unknown, but if they are used to 
treat concurrent CHF, hydration and renal function 
must be closely monitored. Hydration is maintained 
with controlled delivery of intravenous fluids. 
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Prevention of further embolization is unreliable at 
best. Current recommendations consist of administra- 
tion of sodium heparin to decrease the probability of 
additional clot formation. Although the success of 
heparin therapy in this regard is unproven, its use is 
typically associated with minimal side effects. Some 
clinicians advocate simultaneous use of warfarin in 
cats with acute ATE; extensive clinical data regarding 
this use have not been published. Aspirin administra- 
tion, while sometimes recommended for prevention 
of ATE, is not recommended in the acute therapy of 
an existing thrombus. 
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General approach to dyspnoea 


Lori S. Waddell and Lesley G. King 


Definition and diagnosis 


Dyspnoea may be defined as the sensation of diffi- 
culty in breathing that is experienced by patients with 
compromised respiratory function. This sensation of 
respiratory distress is caused by a low arterial partial 
pressure of oxygen (P,O.) (hypoxaemia), a high 
arterial partial pressure of carbon dioxide (P,CO.) 
(hypercapnia), or a significant increase in the work of 
breathing. Normally, ventilation is stimulated by in- 
creases in arterial carbon dioxide concentration, and 
decreased by hypocapnia. Hypoxia only acts as a res- 
piratory stimulus if P,O, falls below 50 mmHg, when 
hypoxic drive overrides the effects of hypocapnia that 
may be present due to hyperventilation. 

It is essential that patients in respiratory distress 
are recognized immediately. In the emergency room, 
observation of the patient and a detailed physical 
examination of the respiratory system are the most 
important tools for diagnosis and treatment, often pro- 
viding clues about the causes of dyspnoea when more 
stressful diagnostic procedures are not possible. The 
clinician attempts to localize the disease process to 
the airways, lungs or pleural space, facilitating imme- 
diate steps to stabilize the patient. 


Observation of respiratory patterns in the 
dyspnoeic patient 

Dogs and cats with dyspnoea may be recognized by 
an increase in respiratory rate and effort. Increased 
respiratory effort is a manifestation of recruitment of 
the secondary muscles of respiration. This includes 
the scalene and sternomastoid muscles of the neck 
and chest, the alae nasae which dilate the nostrils, 
and the muscles of the abdominal wall, which con- 
tract when expiration becomes an active rather than 
a passive process. Recruitment of the secondary 
muscles of respiration is a non-specific response to 
increased respiratory drive and does not necessarily 
confirm the presence of dyspnoea or hypoxia. Nor- 
mal respiration is characterized by concurrent outward 
movement of both the chest and abdomen during 
inspiration. ‘Paradoxical respiration’ is recognized by 
a lack of synchronous movement of the chest and 
abdominal walls — the diaphragm and caudal inter- 
costal and abdominal muscles tending to collapse 
inwards and forwards during inspiration. Unlike in- 
creased respiratory effort alone, paradoxical respi- 
ration is a specific indication of dyspnoea, increased 
work of breathing and the presence of respiratory 


muscle fatigue. It may also be seen less commonly 
in patients with abnormal diaphragmatic movement 
secondary to paralysis or rupture. 

Postural adaptations are common in patients with 
respiratory distress, minimizing resistance to air flow. 
Many patients in severe respiratory distress breathe 
through an open mouth to remove the resistance to 
airflow produced by the nasal turbinates. Similarly, the 
neck is often extended and the head lifted to straighten 
the trachea. Most dyspnoeic patients demonstrate 
some degree of orthopnoea, preferring to stand or lie 
in sternal recumbency and abducting their elbows to 
minimize compression of the chest wall (Figure 7.1). 
Any restraint that limits postural adaptations may lead 
to further hypoxaemia and decompensation, a fact that 
must be borne in mind when restraining these ani- 
mals for diagnostic procedures such as radiography. 


Severe respiratory distress due to neurogenic 

E pulmonary oedema after a choking incident in 
a 6-month-old Golden Retriever. Notice the pale mucous 
membranes, extended neck, abducted elbows and 
reluctance to have an oxygen mask placed over the face. 
(Courtesy of Dr Ken Drobatz, University of Pennsylvania) 


Physical examination of the dyspnoeic 
patient 

Mucous membrane colour can yield important infor- 
mation about the functional status of the respiratory 
system. Owing to the shape of the oxyhaemoglobin 
dissociation curve (Figure 7.2), cyanosis only occurs 
with severe hypoxaemia (less than 80% saturation of 
arterial blood). When moderate hypoxaemia is 
present, the mucous membranes may still be pink. 
Clinicians should therefore not be lulled into a false 
sense of security by pink mucous membranes. At least 
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The oxygen-haemoglobin dissociation curve 

demonstrates the relationship between partial 
pressure of oxygen dissolved in the blood and the 
saturation of haemoglobin with oxygen. The sigmoid 
shape of the curve occurs as a result of a conformational 
change in the haemoglobin molecule following binding of 
the first molecule, allowing binding of the remaining three 
molecules to occur more rapidly. This facilitates both 
oxygen uptake in the lungs and oxygen release to the 
tissues. The plateau of >90% haemoglobin saturation 
also provides a wide margin of safety — lung disease may 
result in significant decreases in P.O, without a 
concurrent decrease in saturation. Desaturation can 
occur rapidly, however, once the P.O, decreases to a 
value of <60 mmHg. (Reproduced from West JB (1985) 
Respiratory Physiology — The Essentials, 5th edn, p.69, 
with permission of Williams & Wilkins, Baltimore) 


50 g/l of desaturated haemoglobin must be present 
for the blue colour of cyanosis to be detectable. Thus, 
anaemia or peripheral vasoconstriction may lead to 
pale mucous membranes and inability to detect cyan- 
osis. Cherry red or muddy chocolate mucous mem- 
branes can indicate the presence of toxins such as 
cyanide and paracetamol (acetaminophen), respec- 
tively. Carbon monoxide can also cause bright red 
mucous membranes (carboxyhaemoglobin). These 
toxicities all cause respiratory distress, despite a 
normal P,O., by interfering with haemoglobin binding 
and release of oxygen. 

A limited physical examination of the respiratory 
and cardiovascular systems can be performed rap- 
idly and can be very rewarding. Auscultation of the 
chest and cervical trachea may detect wheezes, crack- 
les, harshness or increased bronchovesicular sounds, 
as well as areas of dullness (dorsal, ventral, unilateral). 
Wheezes are musical or squeaky sounds associated 
with narrowing of the airways secondary to inflamma- 
tion, mucosal oedema, mucus or masses. If wheezes 
occur during inspiration, upper airway pathology should 
be suspected, whereas disease of the small bronchi or 
lower airways, such as feline asthma, generally pro- 
duces expiratory wheezes. Crackles are discontinuous 
popping sounds that usually indicate the presence of 
fluid in the alveoli and airways. They are caused by air 
bubbling through fluid, but can also be caused by the 
opening and closing of small bronchi and alveoli. Soft 
end-inspiratory crackles occur with parenchymal dis- 
ease and often indicate pulmonary oedema, haemor- 
rhage or purulent exudate in the alveoli. Loud snapping 
airway crackles can be heard in dogs with pulmonary 
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fibrosis or chronic bronchitis. If the lung or heart sounds 
are dull, muffled or difficult to hear, pleural space dis- 
ease should be considered. The most common pleural 
abnormalities include pneumothorax, pleural effusion, 
diaphragmatic hernia and neoplastic masses. In cats, 
diminished chest compressibility can suggest an effu- 
sion or mediastinal mass. 

Auscultation of the heart and simultaneous palpa- 
tion of the pulses help to determine whether cardio- 
vascular disease is contributing to respiratory 
dysfunction. In dogs with congestive heart failure, a 
mitral murmur or supraventricular dysrhythmia (often 
atrial fibrillation) is usually heard. In the absence of 
these findings, heart failure as a cause of dyspnoea 
is extremely unusual. Use of auscultation to rule out 
cardiovascular disease may be more difficult in cats, 
as murmurs and dysrhythmias may be absent or 
intermittent in cats with heart disease, even those with 
congestive heart failure. 


Emergency stabilization 


Initial stabilization of patients with severe respiratory 
distress should include increasing the inspired oxy- 
gen concentration (oxygen therapy), while a rapid but 
thorough physical examination is performed. Ideally, 
the patient should be allowed to rest briefly in an 
oxygen-enriched environment before further diagnos- 
tic investigation and manipulation. This is particularly 
important for cats, as it allows calming and recovery 
from transport. Amore complete examination and fur- 
ther investigations are performed only when tolerated 
and,shown not to exacerbate signs of distress. An ex- 
ception is made when lung sounds are auscultated to 
be dull either dorsally or ventrally, suggesting the pres- 
ence of pleural space disease. In this situation, thora- 
cocentesis should be attempted promptly, to remove 
pleural air or fluid (see below), even before radio- 
graphs are obtained. Dyspnoeic patients may not 
be stable enough for radiography or other diagnostic 
procedures, and thoracocentesis may not only be 
diagnostic but therapeutic. 


Oxygen supplementation 

Emergency oxygen therapy can be supplied in several 
ways. Mask oxygen can be used on any patient that is 
lying still and tolerates the mask. It may be poorly tol- 
erated in distressed patients and persistent attempts 
to place the mask over the muzzle of the animal can 
increase stress (see Figure 7.1). With a tight-fitting mask 
at high oxygen flow rates (5-6 I/min), a fractional in- 
spired oxygen concentration (FO,; room air FO, = 0.21) 
of 0.7—0.8 can be achieved. Care must be taken that 
the mask is not so tight as to cause rebreathing of car- 
bon dioxide and consequent hypercarbia. 

Flow-by oxygen is achieved by holding the oxy- 
gen supply tubing near the nostrils or mouth of the 
animal and provides a similar effect to a mask, with 
much less stress. 

An oxygen pipe from an anaesthetic machine can 
supply oxygen (5-8 l/min) to an Elizabethan collar 
covered with clingfilm, leaving 2.5-5 cm open at 
the top of the Elizabethan collar to allow for carbon 


dioxide and water vapour to be eliminated. This 
technique allows the animal to be visible and mini- 
mizes stress, but is not tolerated by all patients. The 
humidity and temperature within the enclosed space 
of the Elizabethan collar may increase fairly rapidly, 
which can limit the duration for which this technique 
can be employed. 

Oxygen cages are one of the easiest methods of 
oxygen administration, but they isolate the patient, 
making it difficult to examine, monitor and treat these 
dynamic cases (Figure 7.3). This may be an advan- 
tage in some stressed and dyspnoeic cats, however, 
that may benefit from enforced isolation from strange 
people in a strange environment. Initial crisis man- 
agement of dyspnoeic animals may require high oxy- 
gen concentrations (FO. up to 0.9) until the patient 
has been stabilized. The oxygen percentage in the 
cage is determined by the extent of filling with 100% 
oxygen. Although it should be possible to reach an 
FO, of up to 1.0, some oxygen cages cannot raise 
the FO, above approximately 0.5, which may be too 
low for severely dyspnoeic animals. Opening the cage 
door drops the FO. to that of room air almost immedi- 
ately. Oxygen cages may also be associated with 
inappropriate patient warming and consequent hyper- 
thermia. Large dogs may not fit into standard oxygen 
cages. Despite these limitations, oxygen cages may 
represent a useful investment for the emergency prac- 
tice. At present, no commercially available oxygen 
supplementation cages are available in the UK, al- 
though they may be purchased from the USA. Paedi- 
atric incubators, into which oxygen is piped, provide 
a Suitable alternative for cats, small dogs and 
neonates, attaining oxygen concentrations of 80-90%. 
These allow good observation of the patient and, 
although expensive when purchased new, are often 
available second-hand from human hospitals. 


pza An oxygen cage is an excellent way to provide 
oxygen supplementation in extremely stressed 
or fractious animals. Temperature, inspired oxygen 
concentration and humidity can be controlled in these 
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For more prolonged oxygen supplementation, nasal 
oxygen can be provided with nasal oxygen prongs 
that are manufactured for human patients (Figure 7.4), 
or by placing a catheter in one or both nostrils and 
suturing or glueing it in place (Figure 7.5). Nasal 
prongs penetrate approximately 1 cm into both nos- 
tris and usually work well in large-breed dogs that 
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are relatively immobile. Nasal catheters can be used 
in dogs or cats of almost any size. Any type of cath- 
eter can be used for this purpose; most commonly 
5-8 French red rubber urinary catheters or soft feed- 
ing tubes are used (Figure 7.6). Brachycephalic 
breeds are poor candidates for nasal oxygen supple- 
mentation: catheter prongs cannot be adjusted to fit 
comfortably on their faces; nasal catheters may not 
fit due to stenotic nares or do not stay in place be- 
cause their noses are short; and they may have in- 
creased vagal tone, which may be aggravated by the 
nasal catheter. Animals that are mouth breathing be- 
cause of dyspnoea or excitement are also poor can- 
didates for this technique, as increased air mixing in 
the pharynx leads to a reduced effective FO.. Gener- 
ally, nasal oxygen is thought to give an FO, of ap- 
proximately 0.4 depending on the flow rate of oxygen, 
the size of the animal and its minute ventilation. The 
FO, can be increased by placement of a second 
nasal catheter in the other nostril. Alternatively, a long 
intravenous catheter can be placed percutaneously 
into the trachea following the instillation of surface local 
anaesthetic. Humidified oxygen is supplied at similar 
flow rates to those used with the nasal catheter. This 
system may be especially useful in individuals with 
laryngeal or upper tracheal obstruction. 


kee Nasal oxygen prongs that are manufactured 
for human patients can be used in many 


canine patients to provide oxygen supplementation 


ILA Nasal oxygen can also be provided by 
suturing a red rubber catheter into one nostril 
and inserting it a premeasured length equal to the 
distance from the nostril to the medial canthus of the eye 
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Used to provide supplemental oxygen in patients that are not 
tolerating nasal prongs and are too large to fit into oxygen cage or 
oxygen cage is not available 

Red rubber catheter/soft feeding tube, usually 8 French (or 5 French 

in small dogs) is used 

1. The distance from the nose to the medial canthus of the eye is 
measured and marked on the catheter. 

2. The nostril is numbed with topical anaesthetic such as lidocaine 
gel or one to two drops of 2% lidocaine dripped into the nostril. 

3. The catheter is inserted through the nostril into the ventral 
meatus to the premeasured distance. 

4. Catheter is sutured in place using 2 metric nylon and tape 
butterflies, just beside the nostril and again on the side of the 
face or on top of the head. 

Eoin camera 

percentage of oxygen supplementation that is 
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removing the catheter. Complications may include excessive 

dyspnoea if upper 


sey daea kpaa 


Nasal oxygen catheter 


Oxygen for long-term therapy should be humidi- 
fied (saturated with water vapour) to prevent desicca- 
tion of the airways, especially if the turbinates are 
bypassed, as occurs with nasal or tracheal oxygen 
catheters. Specially designed units that heat and 
humidify the inspired air are available for placement 
in anaesthetic and ventilator circuits, but nasal or cage 
oxygen humidification can be simply accomplished by 
bubbling the oxygen through a chamber of distilled 


water (Figure 7.7). 


Oxygen can be 
humidified by 
bubbling it 
through a 
chamber filled 
with distilled 
water. This 
reduces airway 
irritation by 
preventing 
desiccation. 


Long-term therapy with high concentrations of oxy- 
gen (FO; >0.6 for more than 12 hours) is associated 
with damage to the lung called oxygen toxicity. Inflam- 
matory injury is caused by toxic metabolites of oxy- 
gen, including oxygen free radicals and superoxide 
molecules. Clinically, oxygen toxicity is difficult to 
diagnose, but changes in the lungs are similar to those 
seen in the acute respiratory distress syndrome 


(ARDS). Every effort should be made to minimize the 
FO, used to maintain critical patients. In the presence 
of severe dyspnoea, however, it may not be possible 
to decrease the FO. without provoking severe dis- 
tress, and the clinician may have to accept the risk of 
oxygen toxicity in the interests of survival of the patient. 


Intravenous access 

Intravenous access with an indwelling peripheral cath- 
eter placed in the cephalic or saphenous vein should 
be obtained early during the hospitalization of all dys- 
pnoeic patients. The catheter should be placed with 
minimal restraint and stress. Establishment of intra- 
venous access allows administration of drugs and, if 
the animal decompensates, provides a means to ad- 
minister intravenous anaesthesia to facilitate rapid 
control over the airway. 


Thoracic radiography in dyspnoeic 
patients 

Thoracic radiographs represent one of the most use- 
ful diagnostic tools for the clinician faced with a patient 
in respiratory distress. Detailed information about thor- 
acic radiography is available in Chapter 25. Although 
valuable information is provided, radiography is a 
stressful procedure that can cause significant respi- 
ratory decompensation and may not be advisable in 
patients with severe dyspnoea. To minimize stress, 
dorsoventral radiographs are obtained with the patient 
restrained in sternal recumbency. Although this view 
provides less useful diagnostic information, it is also 
less likely to compromise remaining ventilatory func- 
tion. Alternatively, horizontal beam lateral views may 
be obtained where suitable radiographic protection 
protocols are available. The animal should be meas- 
ured and radiograph settings calculated in advance 
of moving and positioning for radiography. Supplemen- 
tation of inspired oxygen should be continued during 
the procedure. If the animal can tolerate the manipu- 
lation, it is ideal to obtain at least two and ideally three 
views of the thorax. 


Thoracic ultrasonography 

Thoracic ultrasonography can be very useful in con- 
firming the presence of pleural effusion in dyspnoeic 
patients. It is a rapid, relatively non-stressful diagnos- 
tic tool that can be used to diagnose pleural effusion 
and aid in performing thoracocentesis by identifying 
areas with the greatest amount of fluid accumulation 
and structures that need to be avoided. In many 
patients, it is a much quicker and less stressful pro- 
cedure than thoracic radiography, especially since the 
patient can remain in sternal recumbency. 


Approach to undiagnosed 
respiratory distress 


When the initial history does not provide specific use- 
ful information, the approach to the patient in respira- 
tory distress is to treat according to the apparent site 
of respiratory pathology. The history, signalment and 
physical examination are often sufficient to determine 
which areas of the respiratory system are involved. 


For this purpose, the respiratory tract is divided into 
the airways (upper and lower), the pulmonary paren- 
chyma and the pleural space. After determining which 
of these are affected, a list of differential diagnoses, 
diagnostic procedures and therapeutic strategies is 
then formed for the individual patient. 


Upper airway disease 


Clinical signs of upper airway disease 

The clinical signs of disease of the upper airway are 
listed in Figure 7.8. Because they commonly involve 
the larynx, upper airway disorders often cause loud 
stridor that is audible without a stethoscope. On 
auscultation, upper airway noise is loudest over the 
trachea. Referred sounds may also be heard on 
auscultation of the lungs. Most dogs with dynamic 
upper airway obstruction (such as brachycephalic 
airway syndrome or laryngeal paralysis) have stridor 
or stertor primarily on inspiration. Negative inspira- 
tory pressure tends to close the upper airway, whereas 
during expiration the airway opens. Animals with fixed 
upper airway obstructions (Such as masses or ab- 
scesses) tend to have difficulty during both inspiration 
and expiration. 


Common differential diagnoses and Clinical 
7.8 A 

and historical signs associated with upper 
airway or laryngeal obstruction in dogs and cats. 


Dyspnoea in animals with upper airway obstruc- 
tion is made worse by exercise or excitement and is 
improved or almost absent at rest. Increased respira- 
tory drive results in enhanced negative inspiratory 
pressures during exercise, leading to more severe 
narrowing of the airway. Tests of pulmonary function 
during dyspnoeic episodes often reveal significant 
hypoxia and hypercarbia, whereas these parameters 
may become almost normal at rest. This return of 
pulmonary function to normal at rest is one of the hall- 
mark signs of upper airway obstruction; blood gases 
usually remain abnormal at rest in animals with 
parenchymal or pleural disease. 
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Many dogs with upper airway obstruction suffer 
from concurrent hyperthermia. They are unable to 
thermoregulate effectively because an insufficient 
volume of air passes over the tongue during panting. 
Hyperthermia starts a vicious cycle, as it stimulates 
an increased respiration rate and panting, which fur- 
ther narrows the airway. 


General approach to management of patients 
with upper airway obstruction 

Management of animals with upper airway obstruc- 
tion is summarized in Figure 7.9. The most impor- 
tant priority is to encourage the animal to rest quietly 
in an oxygen-enriched environment. Many benefit 
considerably from sedation; acepromazine is the drug 
of choice provided that the animal is not hypovolae- 
mic (phenothiazines may be associated with vaso- 
dilation, which exacerbates signs of hypovolaemia) 
or brachycephalic (brachycephalic breeds may have 
increased sensitivity to phenothiazines). The dose 
of acepromazine should be kept at a minimum and 
may be more effective if combined with an opioid 
analgesic (neuroleptanalgesia). Opioids may also be 
used in isolation where there is hypovolaemia, as 
these agents produce minimal cardiovascular effects. 
Occasionally, opioids may lead to the detrimental 
effect of narcotic-induced panting. Suggested agents 
include morphine, methadone (UK), pethidine (UK), 
oxymorphone (USA) or butorphanol, any of which 
may be combined with a sedative such as diazepam 
if they trigger excessive panting. 


Oxygen supplementation: oxygen cage best 
Rest, sedation if necessary 
Acepromazine 0.01-0.05 mg/kg i.v. or i.m. if cardiovascularly stable 


If collapsed or sedated, extend head and neck and pull tongue out 
of the mouth 


Vascular access 

Minimal stress 
Anti-inflammatory to immunosuppressive doses of corticosteroids 
unless contraindicated (dexamethasone 0.25-0.5 mg/kg i.v. or i.m.) 
Monitor temperature, vigorous efforts to cool if needed 

Fluid therapy if dehydrated or hypovolaemic 

Emergency tracheostomy or intubation if no response to medical 
management 


Management of patients with upper airway 
z obstruction. 


Manipulation and stress should be kept to a mini- 
mum, but if the animal is collapsed or sedated, the head 
and neck should be extended and the mouth opened 
with the tongue pulled forward to minimize airway re- 
sistance. Corticosteroids at anti-inflammatory doses are 
often very helpful if significant airway oedema or in- 
flammation is present. They should be avoided initially 
if neoplasia such as lymphoma is one of the differen- 
tial diagnoses. Corticosteroids may cause lysis of 
malignant lymphocytes, thereby making it difficult to 
confirm the diagnosis. Core body temperature should 
be monitored carefully and vigorous attempts made to 
cool the patient with fans, ice, alcohol or cool intra- 
venous fluids if the temperature is greater than 40°C. 
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Animals that do not respond to this approach 
should be anaesthetized and intubated, or a tracheo- 
stomy performed if necessary (Figures 7.10 and 7.11). 
Ideally, these animals should not remain intubated 
through the larynx for more than a few hours, as the 
tube triggers swelling that may exacerbate the prob- 
lem following extubation. 


1. Patient placed in dorsal recumbency, with the neck extended. A 
sand bag placed beneath the neck will help with positioning. 
The ventral cervical region should be clipped and aseptically 
prepared if time permits. 

2. Avventral cervical midline incision is made from the caudal 
aspect of the cricoid cartilage to the sixth tracheal ring. 

3. The sternohyoid muscles are separated on the midline and 
retracted laterally. 

4. The trachea should be isolated and a full thickness stab 
incision should be made through the annular ligament between 
the third and fourth tracheal rings. 

5. The incision in the trachea is extended laterally so that 
approximately 50-60% of the tracheal circumference is incised. 

6. A tracheostomy tube approximately 50% of the tracheal 
diameter is placed into the lumen. 


7. Two stay sutures are placed in the rings adjacent to the 
tracheostomy site to facilitate exposure for placement of the 
tracheostomy tube. 


8. The subcutaneous tissues and skin are apposed cranial and 
caudal to the tracheostomy site allowing a large enough 
opening for re-intubation if necessary. 

9. The tube is then secured with umbilical tape tied around the neck. 

Patients with a temporary tracheostomy require careful 24-hour 

monitoring due to the risk of tube occlusion or dislodgement. Sterile 

technique should be used when handling the site, tracheostomy 
tubes, and suction catheters 

Postoperative treatment includes nebulization of the tube site to 

humidity the airways, frequent removal and cleaning of the inner 

cannula (if present) to prevent obstruction with mucus, airway 
suctioning and observation for swelling and irritation. Short-term 
complications can include haemorrhage, obstruction of the tube, 
dislodgement, infection and damage to the peritracheal structures 


LALE Emergency tracheostomy 


Tracheostomy. A 50% circumferential incision 
a has been made into the trachea, and stay 


sutures are being placed around tracheal rings on both 
sides of the incision. (Courtesy of Dr Robert White) 


In many syndromes of upper airway obstruction, 
pharyngoscopy and laryngoscopy under general an- 
aesthesia are required to confirm the diagnosis. Fol- 
lowing this, steps should be taken to relieve the airway 
obstruction prior to anaesthetic recovery. Attempts to 


recover patients with severe upper airway obstruction 
from anaesthesia without supporting the airway are 
hazardous and often fail. If the underlying disease 
cannot be corrected, a tracheostomy should be con- 
sidered prior to extubation. In less severe cases, par- 
ticularly those with a dynamic airway obstruction, a slow, 
non-stressful recovery may be successful, allowing 
definitive surgical correction of the airway problem to 
be planned in the near future. 


Syndromes of upper airway obstruction 


Brachycephalic obstructive airway syndrome: This 
is a common cause of respiratory distress in affected 
breeds such as English Bulldogs, Boston Terriers, 
Boxers, Pekingese and Pugs. The components of this 
syndrome are stenotic nares, redundant pharyngeal 
soft tissue, excessively long soft palate and hypoplas- 
tic trachea. Chronic obstruction of the upper airway 
causes increased negative inspiratory pressure 
leading to further airway occlusion, inflammation and 
oedema of the redundant tissue, eversion of the 
laryngeal saccules and eventually, in end-stage cases, 
complete laryngeal collapse. In patients with brachy- 
cephalic obstructive airway syndrome (BOAS), mouth 
breathing often improves the clinical signs because 
some of the airway resistance caused by the stenotic 
nares is eliminated. These animals often present with 
hyperthermia and acute respiratory distress during hot 
humid weather, after exercise or when extremely ex- 
cited. Careful questioning of the owners often reveals 
a history of chronic airway obstruction (snoring and 
airway noise), which the owners may interpret as 
‘normal for the breed’. 

Treatment is as described above, including oxygen 
supplementation, sedation, cooling and corticosteroids. 
Most patients can be managed medically through the 
presenting crisis, but surgical intervention to prevent 
future episodes is strongly recommended. Surgical 
correction of the stenotic nares and the overlong soft 
palate can greatly improve these patients, especially if 
performed in young dogs (less than 2 years of age). 


Laryngeal paralysis: Laryngeal paralysis occurs in 
dogs and cats due to disruption of innervation of the 
muscles of the larynx and is classified as either con- 
genital or acquired (idiopathic, traumatic, polyneuro- 
pathic or iatrogenic). Idiopathic acquired laryngeal 
paralysis is the most common form, most often seen in 
large-breed dogs such as Labrador Retrievers, Golden 
Retrievers and St Bernards. Affected dogs can present 
in severe respiratory distress with cyanosis and col- 
lapse. They often have loud inspiratory stridor and may 
be hyperthermic. The history may include voice change, 
gagging while eating and drinking, progressive exer- 
cise intolerance and noisy breathing. 

Immediate therapy is as described above, with 
severely affected animals requiring intubation or a 
temporary tracheostomy. Thoracic radiography should 
be performed, as aspiration pneumonia and non- 
cardiogenic pulmonary oedema are common. Defini- 
tive diagnosis is made by laryngeal examination on 
induction of anaesthesia, to determine whether the 
vocal folds abduct effectively and symmetrically 


during inspiration. Since anaesthesia affects move- 
ment of the larynx, anaesthesia must be light enough 
that the patient is almost coughing during the laryn- 
geal examination. Paradoxical laryngeal motion is 
another source of error of interpretation during laryn- 
goscopy. If the larynx is paralysed, inspiration may 
be accompanied by closure of the larynx because of 
negative inspiratory pressures, and exhalation may 
tend to ‘blow the larynx open’. This creates a para- 
doxical motion of the larynx, which on casual inspec- 
tion may simulate normal function. Therefore, while 
performing a laryngeal examination, any observed 
movement of the larynx must be carefully correlated 
with the phase of respiration. 

Surgical intervention may be delayed until the res- 
piratory crisis has passed, allowing resolution of laryn- 
geal inflammation and oedema. The surgical method 
of choice is a laryngeal tie-back (arytenoid cartilage 
lateralization). Postoperative concerns include aspira- 
tion pneumonia, laryngeal inflammation and oedema, 
haemorrhage, or breakdown of the surgical repair. Post- 
operative complications can be minimized by keeping 
the animal as calm as possible and reducing vocaliza- 
tion or coughing in the first 24 hours after surgery. 


Tracheal collapse: This is a common problem in 
middle-aged to older small-breed dogs with a progres- 
sive history of cough and exercise intolerance. Acough 
is usually easy to induce on tracheal palpation. Ex- 
citement often triggers a paroxysmal ‘honking’ cough 
and dyspnoea. The tracheal rings in these animals 
are often abnormally C-shaped and fibrodysplastic, 
and the dorsal tracheal membrane is stretched, floppy 
and weak. Obstruction of the tracheal lumen occurs 
in the cervical and/or thoracic trachea. Compression, 
elevation and collapse of the left main-stem bronchus 
may mimic the clinical signs of collapsing trachea in 
dogs with mitral regurgitation and enlargement of the 
left atrium, before congestive heart failure occurs. 
Coughing due to mainstem bronchus compression is 
medically managed in a similar way to tracheal col- 
lapse, in addition to concurrent management of the 
primary cardiac disease. 

Animals with tracheal collapse can present with 
varying degrees of dyspnoea. In the most severe 
cases, complete collapse of sections of the trachea 
can cause upper airway obstruction. Other animals 
can become hypoxic because of spasms of paroxys- 
mal coughing. The diagnosis can be suggested using 
plain thoracic radiography. Severe collapse can appear 
radiographically similar to a tracheal soft tissue mass. 
One method of confirming the clinical diagnosis is 
observation of the trachea while coughing under fluor- 
oscopy. The gold standard for diagnosis is bronchos- 
copy, but this requires anaesthesia, recovery from 
which is associated with a high degree of risk in 
severely affected patients if surgical correction is not 
performed at the time of diagnosis. 

Management is as described above, with the ad- 
dition of cough suppressants. Opioids, especially 
butorphanol and with the possible exception of pethi- 
dine (meperidine), are antitussive at low doses and 
are often beneficial. If medical management is inef- 
fective, surgical placement of extraluminal rings or 
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non-surgical placement of intraluminal stents may 
produce good results even in patients with end-stage 
disease. Tracheostomy is usually not of benefit in 
these patients because the collapse typically occurs 
throughout the cervical region and intrathoracic tra- 
chea or mainstem bronchi. Surgical options currently 
used in the UK include extraluminal ring prostheses 
with or without concurrent laryngeal surgery. 


Inflammatory nasopharyngeal polyps: These occa- 
sionally cause respiratory stridor and dyspnoea in 
young, otherwise healthy cats. Polyps are often asso- 
ciated with inflammatory disease of the tympanic bul- 
lae or auditory canals. These cats may have an 
inspiratory stridor, a nasal discharge and otitis externa. 
The polyp is occasionally visible on oral examination 
in the awake patient, but sedation is usually required 
for adequate visualization. The soft palate should be 
palpated and retracted to detect polyps in the nasophar- 
ynx, and a thorough otoscopic examination should be 
performed. Radiographs of the skull, bullae and nasal 
cavity should be obtained (Figure 7.12). Polyps may 
arise from the bullae, ear canals or nasopharyngeal 
mucosa and must be removed surgically. If there is 
evidence of otitis, bulla osteotomy may be considered 
to resolve the underlying cause of the polyp. If the 
entire polyp is removed, surgery is generally curative. 


A lateral radiograph of a cat's skull showing an 

extremely large pharyngeal polyp occluding 
the pharynx. This cat presented with very loud upper 
airway stridor. (Reproduced with permission of Veterinary 
Learning Systems, Trenton, NJ) 


Aspirated foreign bodies: These can cause sudden 
onset of respiratory distress if the foreign body ob- 
structs the airway. Large upper airway obstructions 
require immediate action, since they may completely 
block all air flow. The animals often panic and are 
difficult to restrain, and sedation or anaesthesia may 
be necessary. If possible, vascular access should be 
established to allow intravenous administration of 
anaesthetic drugs. Because it may be impossible to 
remove the foreign body fast enough, preparation for 
an emergency tracheostomy is prudent. After expedi- 
tious removal of the object, supplemental oxygen 
should be administered. If the animal is unconscious 
after foreign body removal, it should be intubated and 
ventilation assisted until spontaneous breathing and 
consciousness return. 
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Upper airway masses: Upper airway neoplasia also 
occasionally causes upper airway obstruction. Neo- 
plasia usually causes a slow onset of respiratory dis- 
tress unless the tumour is very rapidly growing or 
associated with an abscess. Lymphoma is the most 
commonly observed neoplasm, especially in cats, but 
any oral neoplasm may be involved. Oxygen supple- 
mentation and sedation may be sufficient to improve 
Clinical signs if the animal is not too severely affected. 
If necessary, when the neoplasm is in the proximal 
trachea or above, emergency tracheostomy can pro- 
vide an adequate airway until more definitive surgery 
is performed. If the neoplasm is in the thoracic tra- 
chea and the patient cannot be stabilized medically, 
intubation (if possible), thoracotomy or palliative place- 
ment of an intraluminal stent are the only options. 

Retropharyngeal masses, abscesses and haemato- 
mas are an occasional cause of respiratory distress. 
The most common retropharyngeal neoplasm is lym- 
phoma, while abscesses can result from haemato- 
genous spread or foreign body penetration. Rapid 
diagnosis by pharyngoscopy, ultrasonography, needle 
aspiration or even exploratory surgery is essential. 
These animals can easily progress to complete obstruc- 
tion of their airway and require emergency tracheostomy. 
Haematomas can occur secondary to anticoagulant 
rodenticide ingestion, Angiostrongylus vasorum infec- 
tion or trauma. In animals with coagulopathies, needle 
aspiration and surgery are contraindicated. Haemosta- 
sis can be difficult to achieve, but plasma transfusions 
and specific antidotes such as vitamin K1 should even- 
tually lead to cessation of haemorrhage. 


Lower airway disease 


Clinical signs of lower airway disease 

Clinical signs of animals with lower airway disease are 
summarized in Figure 7.13. Disease of the lower air- 
ways usually refers to abnormalities of the small bron- 
chi and is commonly inflammatory in origin. Coughing 
is the most common historical finding. Typically, the 
cough is harsh or honking and non-productive, and is 
not beneficial to the patient as it tends to exacerbate 
inflammation, thereby promoting more coughing. In 
contrast, animals with productive coughing (usually a 
soft moist sound that is followed by swallowing when 
the animal expectorates material into the pharynx) 
should be evaluated for other disorders such as pneu- 
monia. In pneumonia, the cough is a necessary part of 
the clearance mechanism of the lung, rather than be- 
ing due to bronchial disease alone. On auscultation, 
most dogs with lower airway disease have increased 
bronchovesicular sounds and/or wheezes. Patients with 


Cough 

Exercise intolerance 

Dyspnoea (Severe cases, expiratory dyspnoea in cats with 
feline asthma) 

Increased bronchovesicular sounds 

Wheezes 


Clinical and historical signs associated with lower 
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airway (bronchial) disease in dogs and cats. 
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end-stage disease may have significantly increased 
respiratory rate and effort associated with hypoxia. 
Thoracic radiographs usually reveal minimal evidence 
of alveolar disease. 

Hypoxia in animals with chronic bronchitis is 
thought to be attributable to inequality of ventilation 
and pulmonary perfusion (V-Q mismatch), mainly 
caused by bronchial obstruction. Bronchial obstruc- 
tion follows increased mucus production, mucosal 
hyperaemia and oedema, as well as early collapse of 
abnormal and weakened small airways. Obesity often 
contributes to the severity of clinical signs, causing 
diminished ability to expand the lungs and pressure on 
the thorax from the chest wall and abdomen. Broncho- 
pneumonia is a common complication because of di- 
minished lung defences. Although some degree of 
bronchoconstriction can occur, dogs do not suffer from 
smooth muscle spasm as seen in cats with feline 
allergic airway disease (asthma). Acute severe 
bronchoconstriction in cats with hyper-responsive air- 
ways contributes significantly to dyspnoea in affected 
animals. Animals with severe lower airway disease 
therefore present with dyspnoea caused by end-stage 
chronic obstructive pulmonary disease, superimposed 
bronchopneumonia and, in cats, bronchospasm. 


General approach to management of patients 
with lower airway disease 

Priorities for management of lower airway disease are 
summarized in Figure 7.14. Animals brought to the 
emergency room because of lower airway disease are 
usually presented during exacerbations and crises, or 
when the disease has become end stage. Dyspnoea 
is a common presentation, especially in cats with 
asthma. As usual, oxygen supplementation is the first 
priority. Animals that are extremely distressed may 
benefit from sedation. Early diagnostic investigation 
should include thoracic radiography. Most patients with 
bronchial disease have little or no alveolar disease vis- 
ible on thoracic radiographs. A peribronchial pattern 
may be present, with ‘doughnuts’ and ‘tramlines’, but 
alveolar disease should be absent unless pneumonia 
or another secondary process is present. 


Oxygen supplementation 

Rest, sedation not usually required 
Minimal stress 

Vascular access 


Anti-inflammatory to immunosuppressive doses of corticosteroids 
Dexamethasone 0.25-0.5 mg/kg i.v. or i.m. 


or prednisolone 0.5-1 mg/kg i.v., i.m. or orally 


lators 
Terbutaline 0.01 mg/kg i.v. or i.m. 
or aminophylline 5.5 mg/kg i.v. 
Cough suppressants 
Butorphanol 0.2-0.4 mg/kg i.v. or i.m. or 0.5-1.0 mg/kg orally 
or hydrocodone 1.25-5 mg/kg orally 
Antibiotics 
Thoracic radiographs to rule out pulmonary alveolar disease 
Consider tracheal wash for culture and cytological examination 


General approach to emergency management 
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of dogs and cats with lower airway disease. 


If bronchial disease is suspected, corticosteroids 
can be extremely helpful because of the role of in- 
flammation in the disease process. Initially, high 
doses are indicated, reducing to the minimal effec- 
tive dose as soon as possible. Bronchodilators are 
also considered first-line drugs in these patients. Beta 
agonists such as terbutaline have superseded ami- 
nophylline in clinical use. Administration of broncho- 
dilators and corticosteroids by aerosolization can be 
helpful, but may not be tolerated by extremely dys- 
pnoeic animals, and should supplement, rather than 
replace, parenteral drug administration in an emer- 
gency situation. Refractory coughing may respond 
to antitussive drugs such as butorphanol. Since ex- 
acerbation of signs may occur due to secondary 
bacterial infection and even pneumonia, antibiotics 
may be of value in some cases to diminish exudate 
production. Ideally, cytology and cultures from the 
airway (usually obtained by tracheal wash, Figures 
7.15 and 7.16) should be obtained prior to starting 
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Method for trans-tracheal wash. (Modified from 

k the BSAVA Manual of Small Animal 
Cardiorespiratory Medicine and Surgery, with the 
permission of Vicki Martin Design) 


Used in medium to large-sized dogs 

TTW can usually be performed without sedation unless the dog is fractious. Ideally, the animal should be alert enough to cough to aid in sample 

collection, An 18 gauge ‘through-the-needle’ catheter is used to collect the sample: 20 cm length in smaller dogs; 30 cm length in larger dogs 

1. The skin of the ventral neck from the larynx to the mid-trachea should be clipped and sterilely prepared. 

2. A local anaesthetic such as lidocaine is infiltrated to the level of the trachea at the site of planned catheter placement. The site of insertion is 
typically between two and five tracheal rings distal to the larynx; precise counting of tracheal rings is not necessary. 

3. The catheter is pushed through the skin. The trachea is isolated and stabilized between the thumb and forefinger, and the tip of the catheter is 
placed against the trachea between two rings. The tip of the catheter is held perpendicular to the trachea with the bevel of the needle facing 
down, and is ‘popped’ into the lumen of the trachea. 


4. The needle is then angled downward and the catheter’s entire length is fed down the trachea. 


5. Ifthe catheter does not feed easily, the needle is backed out of the trachea about 0.25 cm as the tip of the needle may be pressed up against 
the back wall of the trachea, and the catheter is again fed into the trachea. 


6. Once the full length of the catheter is in the trachea, the needle is withdrawn from the neck, the needle guard is placed around the needle, and 
the stylet is removed from the catheter. 


7. Approximately 5-10 ml of sterile saline is injected into the catheter. 
8. Coupage is performed on the dog's chest to encourage coughing and productive sampling. 


9. asia Ares cere ae eee Only a small proportion of the instilled 


10. The sample is submitted in a sterile container for culture and cytology. 

11. The catheter is removed from the dog's neck and a gauze square is placed over the entry point to stop any minor bleeding. 

hep if a long ‘through the needle’ catheter is not available, a standard ‘over the needle’ catheter may be used. The catheter is placed in the 
catheter to 


though the urinary catheter. Typically a 4-6 French urinary catheter is used with a 12-14 gauge intravenous catheter, depending on patient size 


Complications can include subcutaneous emphysema, pneumomediastinum, pneumothorax, bleeding, catheter breakage and aspiration of the 
catheter into the airway, prs insane cman l DAE 


EES RTC" Wap ER tod cata. The patent dad be sable 
enough to be lightly anaesthetized 

1. A sterile endotracheal tube is inserted into the trachea, avoiding oral contamination. 

2. Asterile dog urinary catheter or red rubber catheter is used to inject sterile saline beyond the lumen of the endotracheal tube. 

3. The catheter is then aspirated while an assistant performs coupage on the patient. 

An alternative method uses a suction catheter and sterile suction trap to collect the samples. This requires mechanical suction; the sample is 
automatically collected into the sterile suction trap 

Patients that have an ETW performed should be closely monitored during recovery to ensure that they have adequate ventilatory function and 
oxygenation 


Tracheal washes. 
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antibiotic therapy. Most respiratory crises caused 
by bronchial disease respond well to medical man- 
agement, minimal stress and an oxygen-enriched 
environment. 


Syndromes of lower airway disease 


Feline asthma: Feline asthma, also referred to as 
allergic bronchitis, is the most common cause of lower 
airway disease in cats (Figure 7.17). The clinical signs 
result from bronchial inflammation with peribronchial 
infiltrates, mucosal oedema, increased mucus produc- 
tion, bronchiolar smooth muscle hypertrophy and re- 
versible airway obstruction caused by excessive 
bronchoconstriction. Airway obstruction is most se- 
vere during expiration and may lead to air trapping 
and alveolar hyperinflation. Cats may present with 
disease at any age, but signs often first appear in 
young adults. Clinical signs can range from severe 
dyspnoea to intermittent cough. In severe cases, the 
cats open-mouth breathe, have pale to cyanotic 
mucous membranes and may have an abdominal 
component to respiration, especially during expiration. 
On auscultation, expiratory wheezes are often heard. 
In the most severe cases, respiratory sounds may be 
almost absent, as air movement is almost cut off by 
the severity of bronchial obstruction. 


Feline asthma 
Chronic bronchitis 
Neoplasia 

Aspirated foreign body 


Common differential diagnoses for lower 
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airway disease in dogs and cats 


If the cat is in severe distress, obtaining a defini- 
tive diagnosis should be delayed until the cat is 
more stable. The cat should be placed in an oxygen 
cage, thereby minimizing stress and allowing it 
to relax after transport. Since bronchoconstriction 
occurs as a result of inflammation, corticosteroids 
should be given intravenously if possible (otherwise, 
intramuscularly). Bronchodilators such as terbutaline 
have proven to be useful in acute management, and 
can be given by inhalation as well as parenterally. In 
agonal cases, adrenaline should be administered 
intramuscularly (0.5—0.75 ml of 1:10,000 solution 
i.m.), for its profound vasoconstrictive, inotropic 
and bronchodilator effects. If there is no response 
to medical management and the cat remains in 
severe distress, anaesthesia (halothane is particu- 
larly useful for its bronchodilatory effects) and in- 
tubation may be required. Occasionally, cats may 
have pneumothorax secondary to rupture of the 
hyperinflated alveoli. 

Radiographic findings include a bronchiolar pat- 
tern, collapse of the right middle lung lobe and pul- 
monary hyperinflation (Figure 7.18). Findings may, 
however, be normal, especially if radiography is de- 
layed in unstable animals. Definitive diagnosis re- 
quires the demonstration of inflammation on tracheal 
wash cytology. 
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Lateral and ventrodorsal thoracic radiographs 
s of a 3-year-old Domestic Longhair cat that 


presented with a 3-month history of coughing and acute 
respiratory distress. The radiographs show the typical 
bronchial pattern of feline asthma, often described as 
‘doughnuts and tramlines', collapse of the right middle 
lung lobe and pulmonary hyperinflation 


Canine chronic bronchitis: This is recognized as a 
persistent cough occurring for at least two consecu- 
tive months in the absence of another specific pul- 
monary disease. Hyperplasia and hypertrophy of 
bronchial glands, increased goblet cells, increased 
airway secretion and increased infiltrates of inflam- 
matory cells are seen. This produces thickened, hyper- 
aemic bronchial walls, obstruction of small airways 
with mucus and proliferation of epithelial surfaces. 
Patients with exacerbated or end-stage disease can 
present with severe distress and cyanosis. 

Physical examination findings may include in- 
creased airway sounds with wheezes and coarse 
crackles on chest auscultation caused by opening and 
closing of small bronchi. Thoracic radiographs usu- 
ally show a bronchial pattern and the extent of the 
changes does not always correlate with the severity 
of clinical signs. Immediate management is as de- 
scribed above. In addition, saline nebulization may 
assist with mobilization of secretions. 


Lower airway masses and foreign bodies: Foreign 
bodies and tumours can also occur in the lower air- 
ways. Radiographs may assist in confirming the di- 
agnosis. Chronic bronchial obstruction causes gradual 


collapse and absorption atelectasis of the affected lung 
lobe. Even if a foreign body or neoplasm is not visible 
on radiographs, the presence of one completely col- 
lapsed lung lobe should prompt suspicion of complete 
bronchial obstruction and absorption atelectasis. Sud- 
den onset of respiratory distress can be seen after 
aspiration of a foreign body into the bronchi (Figure 
7.19). Foreign bodies may be retrieved with the aid of 
bronchoscopy or fluoroscopy or removed at the time 
of thoracotomy. Neoplasia of the lower airways is usu- 
ally characterized by a slower, more gradual onset of 
respiratory distress. Thoracic radiographs and bron- 
choscopy can aid in the diagnosis, and biopsy assists 
in its confirmation. Debulking or removal of the mass 
(often including lung lobectomy) may be necessary, 
unless the biopsy reveals lymphoma, which may re- 
spond to chemotherapy. 


A postmortem examination of this 4-year-old 

cat revealed aspirated plant material in a 
bronchus. (Reproduced with permission of Veterinary 
Learning Systems, Trenton, NJ) 


Pulmonary parenchymal disease 


Clinical signs of pulmonary parenchymal disease 
Clinical signs of pulmonary parenchymal disease are 
summarized in Figure 7.20. Pulmonary parenchymal 
disease is commonly associated with varying degrees 
of hypoxia and dyspnoea. Typically, the lungs have 
decreased compliance. A restrictive pattern of respi- 
ration (rapid shallow breathing) is observed and 
severe hypoxia may be manifested by paradoxical res- 
piration. Hypoxia in patients with pulmonary paren- 
chymal disease is usually caused by ventilation/ 
perfusion mismatch due to filling and collapse of 
alveoli. Some patients may also have an increased 
diffusion barrier caused by thickening or infiltration of 
the alveolar membrane. 


Pale or cyanotic mucous membranes 
Increased respiratory rate or dyspnoea 
Restrictive respiratory pattern 

Harsh bronchovesicular sounds 
Crackles 

Nasal discharge 

Cough (often productive) 


Clinical and historical signs associated with 
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pulmonary parenchymal disease in dogs and 

cats. 
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On auscultation, harsh bronchovesicular sounds 
and/or crackles are common. Careful auscultation of 
the heart should be performed to detect the presence 
of a murmur which might indicate congestive heart 
failure. Nasal discharge can occur in patients with 
bronchopneumonia or profound pulmonary oedema. 
Coughing may be a feature of pulmonary parenchymal 
disease if there is bronchial irritation or inflammation. 
Typically, coughing is productive: a soft moist cough 
is an important part of clearance of secretions from 
the pulmonary parenchyma. 

Animals with pulmonary parenchymal disease usu- 
ally have an alveolar pattern on thoracic radiographs. 
The distribution of the alveolar pattern can give im- 
portant information about the aetiology of respiratory 
failure. Occasionally animals may have minor or ab- 
sent radiographic changes; for example those with 
pulmonary thromboembolism or interstitial fibrosis. 


General approach to management of patients 
with pulmonary parenchymal disease 

The approach to management of animals with pul- 
monary parenchymal disease is summarized in Fig- 
ure 7.21. Patients that are dyspnoeic due to suspected 
pulmonary parenchymal disease should receive oxy- 
gen supplementation immediately. Physical examina- 
tion and historical findings often give an indication of 


Oxygen supplementation 
Rest and minimal stress 
Vascular access 
Thoracic radiographs (if possible) 
Medical management according to most likely differential 
diagnoses: 
Bacterial bronchopneumonia: 
Tracheal wash for culture and cytological examination 
Stable: 
* Enrofloxacin 5-15 mg/kg orally q24h or 
* Amoxicillin/clavulanate 14-22 mg/kg orally q12h 


Unstable: 

* Enrofloxacin 5-15 mg/kg i.v. q24h and ampicillin 22 mg/kg 
i.v. q8h or 

* — Amikacin 15 mg/kg i.v. q24h and ampicillin 22 mg/kg i.v. 
a8h or 


* — Cefotaxime 20-50 mg/kg i.v. q6h or 
+. Ticarcillin/clavulanate 50 mg/kg i.v. q6h 
Nebulization and coupage 
Pulmonary oedema: 
* Furosemide 0.5-2 mg/kg i.v. or i.m. q4-12h 
* Glyceryl trinitrate paste 6-25 mm cutaneously or 
* — Nitroprusside 2-10 ug/kg/min 
* — Dobutamine 5-10 1g/kg/min 
Haemorrhage 
Fresh whole blood, fresh frozen plasma, or packed red blood 
cell transfusions 
* Vitamin K1 2 mg/kg s.c. or orally q12h 
Pulmonary thromboembolism 
Fresh frozen plasma 
* — Unfractionated heparin 100-300 IU/kg g6h s.c. or 10-50 
lU/kg/h i.v. CRI 
Pulmonary inflammatory disorders 
* Dexamethasone 0.25-0.5 mg/kg i.v. or i.m. q12-24h or 
*  Prednisolone 0.5-1 mg/kg i.v., i.m. or orally q12-24h 


General approach to emergency management 
= of dogs and cats with pulmonary parenchymal 
disease 
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the cause of the dyspnoea. Thoracic radiographs are 
a valuable diagnostic tool at this stage. If respiratory 
distress is so severe that thoracic radiographs can- 
not be obtained safely, empirical treatment for the most 
common causes of pulmonary parenchymal disease 
should be initiated. Often, empirical medical manage- 
ment, combined with oxygen supplementation, can 
improve the condition of the patient to the point that 
radiographs can be obtained. If the patient does not 
improve, or even deteriorates in spite of medical 
management, an aggressive approach may be re- 
quired, including general anaesthesia and intubation 
of the patient to facilitate diagnostic testing and 
therapy. The most common medical problems and 
their management are described below. 


Syndromes of pulmonary parenchymal disease 


Pneumonia: Pneumonia is one of the most common 
causes of pulmonary parenchymal disease (Figure 
7.22). It is categorized as aspiration, bacterial, para- 
sitic, viral or fungal, occurring alone or in combina- 
tion. Pneumonia is more common in dogs than in cats. 
Physical examination usually reveals increased res- 
piratory rate and effort, pale to cyanotic mucous mem- 
branes and harsh lung sounds or crackles. If the 
animal is stable, the diagnosis is confirmed by radio- 
graphic findings of alveolar disease (Figure 7.23), 
cytology showing acute neutrophilic inflammation, 
and culture and sensitivity testing of airway aspirates 
obtained by tracheal wash or bronchoalveolar lavage. 
Serology may be used to assist diagnosis of viral or 
fungal pneumonia. 


ce Differential diagnoses for pulmonary 
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(PIE, pulmonary infiltrate with eosinophils, 
LG, lymphomatoid granulomatosis.) 


Severe aspiration pneumonia in the 
7.23 
cranioventral and right middle lung lobes. 


An alveolar pattern with air bronchograms is present. 


Aspiration pneumonia is caused by inhalation of 
foreign material. This typically comprises oral secre- 
tions or gastrointestinal tract contents subsequent to 
vomiting or regurgitation. Animals with underlying con- 
ditions such as pharyngeal/laryngeal dysfunction, 
megaoesophagus, cleft palate, abnormal mentation, 
recumbency or debilitation have an increased risk of 
aspiration. The acidic pH of gastric reflux material de- 
termines the extent of bronchoconstriction and injury 
to the pulmonary parenchyma. Liquids reach the 
alveoli within minutes, making attempts to perform 
suction of the airways futile in most cases. The result- 
ant inflammation impairs lung defences and allows 
bacteria in the aspirated material to colonize the lungs. 
By the time most aspiration pneumonia cases are rec- 
ognized, bacterial infection has occurred. These 
patients are therefore treated in the same way as those 
with primary bacterial pneumonia. 

Bacterial bronchopneumonia usually occurs as a 
consequence of bronchogenous invasion (inhalation) of 
pathogenic bacteria, or occasionally by haematogenous 
spread. Animals with bronchogenous pneumonia typi- 
cally have a cranioventral pattern of alveolar disease on 
radiographs, whereas those with haematogenous pneu- 
monia often have a patchy or nodular distribution. Bac- 
terial pneumonia can be caused by primary respiratory 
tract pathogens such as Bordetella bronchiseptica, or 
by opportunistic pathogens that proliferate because of 
suppression of respiratory tract defences. With the ex- 
ception of animals suspected of Bordetella infection, 
dogs and cats that present with bacterial pneumonia 
should be carefully evaluated for underlying disorders. 

Other causes of pneumonia include parasitic pneu- 
monia (Angiostrongylus vasorum), viral agents (canine 
distemper), protozoal organisms (toxoplasmosis) and 
fungal invasion (histoplasmosis, blastomycosis and 
coccidioidomycosis). In addition to general pneumonia 
management, specific therapy should be directed 
against individual organisms. 

Bacterial cultures should be obtained before start- 
ing antibiotic therapy whenever possible. Gram- 
negative pathogens and polymicrobial infections are 
common. Broad-spectrum antibiotic treatment should be 
started while waiting for the culture results. Oral drugs 
such as amoxicillin/clavulanate or fluoroquinolones can 
be used if the animal is not systemically ill. If the patient 
is hypoxic, dyspnoeic or febrile, intravenous antibiotics 
must be used until the animal is stable. Combinations of 
antibiotics that provide broad-spectrum coverage include 
ampicillin/aminoglycosides, ampicillin/fluoroquinolones 
or second- or third-generation cephalosporins. Another 
potentially valuable therapy is that of nebulization with 
sterile saline followed by coupage to loosen and mobi- 
lize airway secretions, promote coughing and improve 
airway clearance. Nebulized mucolytic agents are not 
typically used as they can cause bronchospasm. Oxy- 
gen supplementation should be administered as re- 
quired, and severely affected tases may require 
positive pressure ventilation. 


Pulmonary oedema: This is the accumulation of fluid 
in the alveoli and pulmonary interstitium and is divided 
by initiating cause into cardiogenic and non-cardiogenic 
forms. Cardiogenic oedema is more common, and is 


seen in animals with left-sided heart failure and elevated 
pulmonary venous pressure. On auscultation, crack- 
les are often evident and may be accompanied by a 
mitral murmur in dogs or a gallop rhythm in cats. Thor- 
acic radiographs usually reveal cardiomegaly and a 
perihilar alveolar pattern in the dog. In cats, distribu- 
tion of oedema is less specific. Details of diagnosis and 
management of cardiogenic pulmonary oedema are 
given in Chapter 6. 

Neurogenic pulmonary oedema is a form of non- 
cardiogenic pulmonary oedema that can be caused by 
seizures or head trauma, choking or airway obstruc- 
tion and electric shock. Although the pathophysiology 
is not well understood, it is thought that massive sym- 
pathetic discharge results in increased peripheral re- 
sistance, which raises systemic blood pressure. Blood 
therefore moves transiently from the systemic circula- 
tion into the low-pressure pulmonary vasculature which 
has relatively few catecholamine receptors. This volume 
shift dramatically and transiently elevates pulmonary 
venous pressures. The end result is increased capillary 
permeability and fluid redistribution to the interstitium and 
alveoli. The pressures rapidly return to normal, but the 
changes in permeability remain for several hours. 

Affected animals may develop respiratory distress 
immediately or over several hours after the inciting 
incident. Varying degrees of respiratory distress oc- 
cur; some animals have minimal signs, and others 
can rapidly become agonal because of fulminant pul- 
monary oedema. Crackles are often heard on aus- 
cultation. The diagnosis can be confirmed by thoracic 
radiography, which reveals an interstitial or alveolar 
pattern in the dorsocaudal lung fields (Figure 7.24). 
The extent of lung involvement is determined by 
arterial blood gas analysis. Typical findings include 
hypoxia and a P,CO, that is low, normal or high, de- 
pending on the severity of the oedema. 

Treatment consists of supportive care, with oxy- 
gen supplementation as needed. Diuretics may be 
administered, but are less effective than in cardiogenic 
oedema because the oedema is caused by a vascu- 
lar permeability change, rather than by a sustained 
increase in pulmonary venous pressure. The use of 
corticosteroids in these patients remains controver- 
sial and is not currently recommended. Mildly affected 
animals improve dramatically in 24—48 hours, while 
the most severely affected animals with fulminant 
pulmonary oedema may require positive pressure 
ventilation and often do not recover. 


Pulmonary haemorrhage: Pulmonary haemorrhage 
can occur secondary to trauma (pulmonary contusions), 
coagulopathies (rodenticide ingestion, Angiostrongylus 
vasorum infection) and neoplasia. Haemorrhage into 
the parenchyma is commonly seen following anti- 
coagulant rodenticide ingestion. These animals are pre- 
sented with coughing (which may include a productive 
cough with blood-tinged sputum), lethargy or dyspnoea. 
Varying degrees of anaemia and pale mucous mem- 
branes are seen due to blood loss. Radiographs usu- 
ally reveal a patchy alveolar pattern or pleural effusion. 
Treatment consists of oxygen support, fresh frozen 
plasma or fresh whole blood in addition to vitamin K1 
therapy (see Chapters 14 and 19). 
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Lateral and ventrodorsal thoracic radiographs 

of a dog with neurogenic pulmonary oedema 
following airway obstruction. The typical caudodorsal 
patchy alveolar pattern is present 


Pulmonary thromboembolic disease: This is caused 
by pulmonary arterial obstruction by thrombi and re- 
sults in respiratory distress by producing severe venti- 
lation/perfusion mismatch. Thrombi form because of 
systemic hypercoagulability, stasis of blood within ves- 
sels or direct endothelial damage. Thrombi can form in 
disease states such as protein-losing nephropathy, 
hyperadrenocorticism, immune-mediated haemolytic 
anaemia, bacterial endocarditis and dirofilariasis, as 
well as post surgery. Affected patients often have a 
sudden onset of respiratory distress, increased respi- 
ratory rate and effort, generalized harsh lung sounds 
and pale to cyanotic mucous membranes. When throm- 
bus accumulation in the lungs is extensive, an occlu- 
sive reduction in pulmonary venous return to the heart 
may occur, which will be detected as reduced pulse 
quality and hypotension. Thoracic radiographs are of- 
ten normal, but may reveal varying interstitial or alveo- 
lar patterns, pleural effusion and dilated or truncated 
pulmonary arteries (Figure 7.25). The most common 
clinicopathological findings are elevation of serum 
D-dimers and thrombocytopenia. A definitive diagno- 
sis can sometimes be made using non-selective com- 
puted tomography (CT) angiography, but unstable 
patients may not tolerate this procedure. Ventilation/ 
perfusion scanning with radioisotopes is a non- 
invasive procedure that can provide useful diagnostic 
information, but the equipment is not widely available. 
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A lateral thoracic radiograph of a mixed breed 
7.25 f 
dog with severe, autoagglutinating haemolytic 


anaemia that developed acute respiratory distress. A 
presumptive diagnosis of pulmonary thromboembolism 
was made based on the severity of the hypoxia and lack 
of radiographic abnormalities. 


The prognosis for thromboembolic disease is fair 
to guarded, depending on the extent of lung involve- 
ment and the nature of any underlying disease condi- 
tion. Oxygen supplementation should be provided, but 
may not lead to dramatic improvement because of 
pulmonary shunting. Therapy consists of supportive 
care, treatment of the underlying disease and preven- 
tion of further thrombosis using anticoagulants. 
Heparin can be administered subcutaneously or as 
an intravenous constant rate infusion (see Figure 
7.21). If the predisposing disease is established and 
considered ongoing, warfarin therapy can also be in- 
stituted for long-term maintenance. In such cases, 
treatment with heparin is tapered and discontinued. 
Thrombolytic agents, such as streptokinase and tis- 
sue plasminogen activator, have been used with mixed 
success in a limited number of patients. 


Neoplasia: Primary pulmonary neoplasia or meta- 
static disease can also cause severe respiratory dis- 
tress. Patient history varies from acute signs to a 
gradual onset of exercise intolerance and laboured 
breathing, with or without coughing. Thoracic radio- 
graphs and identification of a distant primary neoplasm 
are often diagnostic. A definitive diagnosis can often 
be made following cytological examination of pleural 
fluid or fine needle aspiration of the mass. If cytologi- 
cal evaluation and other diagnostics provide equivo- 
cal results, exploratory thoracotomy may be required. 
Supportive care should be provided as needed, but 
treatment options may be limited. Unless the neo- 
plasm is either responsive to chemotherapy or can 
be removed in its entirety at the time of surgery, 
euthanasia is often indicated. 


Pulmonary inflammatory disease: This is an un- 
common cause of respiratory distress in small ani- 
mals. Reported pulmonary inflammatory diseases 
include pulmonary infiltrate with eosinophils and 
lymphomatoid granulomatosis. Pulmonary tissue is 
infiltrated by a non-neoplastic proliferation of 
eosinophils or lymphocytes, respectively. Clinical 
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findings vary from sudden to gradual onset of respi- 
ratory distress or coughing. Radiographic findings 
include mass lesions or infiltration. The diagnosis 
may be confirmed by a cytological finding of inflam- 
matory cells on samples obtained by tracheal wash 
or fine needle aspiration. Other underlying causes, 
such as pulmonary parasites, must also be ruled 
out. Apart from routine respiratory supportive care, 
therapy includes immunosuppressive doses of cor- 
ticosteroids. More aggressive cytotoxic drugs may 
be required in refractory cases. Many animals re- 
spond well to this therapy. 


Acute lung injury and acute respiratory distress 
syndrome: Acute lung injury (ALI) and ARDS are 
terms that refer to a syndrome of generalized inflam- 
matory lung injury. Inflammation can be triggered by 
systemic inflammatory disorders, such as septic 
shock or pancreatitis, or by a severe pulmonary in- 
sult, such as aspiration pneumonia, pulmonary con- 
tusions or smoke inhalation. In ALI, pulmonary 
inflammation manifests as vasculitis, interstitial and 
alveolar permeability oedema, and infiltration of 
inflammatory cells such as neutrophils and 
macrophages. ARDS is a more severe form, mani- 
fested by inflammation as in ALI, accompanied by 
proliferation of type Il pneumocytes, hyaline mem- 
branes and eventually interstitial fibrosis. Animals 
with ALI-like syndrome have mild to moderate de- 
grees of dyspnoea and hypoxia and often respond 
to fluid restriction, colloid support, low doses of di- 
uretics and treatment of the underlying disease. 
Despite the fact that this is an inflammatory disease, 
corticosteroids have been shown to have no effect 
on mortality rates in human patients with these syn- 
dromes, and may be contraindicated because of their 
immunosuppressive effects. Animals with ARDS have 
severe pulmonary dysfunction and very poor lung 
compliance. They usually require positive pressure 
ventilation and the prognosis is grave. 


Pleural space disease 


Clinical signs of pleural space disease 

The clinical signs of pleural space disease are sum- 
marized in Figure 7.26. Pulmonary dysfunction can 
be caused by accumulation of fluid, air or soft tissue 
within the pleural cavity. Pleural space disease is sug- 
gested by physical examination findings that include 
increased respiratory rate or effort, dyspnoea and 
auscultation of diminished or dull lung and heart 


Increased respiratory rate and effort, short shallow respiratory 


Dyspnoea 


Cough 
Dull or diminished lung and heart sounds on auscultation 
Fever 


Weight loss and lethargy 


Clinical and historical signs associated with 
7.26 A 
pleural space disease in dogs and cats. 


sounds. Depending on the cause, other signs such 
as fever may also be present. Because the pleural 
pathology prevents lung expansion, hypoxia is 
caused by atelectasis and ventilation/perfusion 
mismatch. Radiographic changes are compatible 
with either the presence of free air or increases in 
fluid or soft tissue density in the pleural space. 
Increased soft tissue density may occur secondary 
to neoplasia or diaphragmatic herniation into the 
pleural space. 


General approach to management of patients 
with pleural space disease 

The approach to management of patients with pleu- 
ral space disease is summarized in Figure 7.27. If 
pneumothorax or pleural effusion is suspected and 
the animal is in severe respiratory distress, routine 
oxygen supplementation should be provided and tho- 
racocentesis should be performed immediately and 
before radiographs have confirmed the diagnosis. 
Thoracocentesis is both a therapeutic and diagnostic 
procedure and can be life saving in severely compro- 
mised patients (Figures 7.28 and 7.29). Thoracic 
radiographs obtained after thoracocentesis are more 
valuable than those obtained prior to removal of the 
fluid or air. Once the fluid has been removed, radio- 
graphs may reveal the cause of the effusion, and 
allow evaluation of the cardiac silhouette and demon- 
stration of masses. 


General approach to emergency management 
of dogs and cats with pleural space disease. 


Thoracocentesis is performed in this small dog 
z using a butterfly catheter and a three-way 
stopcock. 
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Patients with respiratory distress and dull lung sounds on 
auscultation 


+ Patients that present after trauma (RTA, bite wounds, falling 
from height). 
Patients that are undergoing positive pressure ventilation with 


1. Clip and aseptically prepare appropriate rib space: 
- H expecting ha, the Tih oF Gth intercostal space, a 
approximately the level of the costo-chondral junction 

— If expecting air, the 8th or 9th intercostal space 
approximately one third of the way down the chest. 
Dae a abi cca 


P 


dogs 

- Cats and small dogs - 18-22 mm butterfly needle. 

eve ana. lanata io! otr 

intercostal blood vessels 

Observe the hub of needle for any signs of fluid: 

— ifa small amount of frank blood is aspirated or if the lungs 
can be felt rubbing against the needle, the needle should 
be withdrawn and moved to a different location 

- Ifa large amount of blood is obtained, place 1-2 ml in an 
empty blood collection tube to see if it clots. Blood from 
haemothorax should not clot, while blood from the heart or 
a blood vessel should clot normally, if patient does not 
have a significant coagulopathy 

— For any other fluid, aspiration should continue until no 
more can be removed. 

Directing the needle ventrally, rolling the patient slightly to the 
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g 


è 
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as the warm air from the thoracic cavity encounters the room 
temperature tubing. 
Aspirate until negative pressure is reached. If negative 
pressure is never obtained, a tension pneumothorax may be 
present, and chest tubes with continuous suction are needed 
(see Figure 7.32). 


Thoracocentesis 


Pleural effusions are classified according to the type 
of fluid obtained (Figure 7.30). Gross examination can 
identify whether the fluid is haemorrhagic, purulent, chy- 
lous or a transudate. All fluid should be analysed fur- 
ther including determination of protein content, cytology 
and cell counts. In addition, specific chemical analysis, 
such as triglyceride concentration, or microbiological 
culture may be indicated. The character of the pleural 
effusion determines the course of further diagnostic 
evaluation and the likelihood of recurrence. Specific 
management will depend on the findings of fluid analy- 
sis and presence of underlying disease. 
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Pleural effusion: 
Pyothorax 
Non-bacterial exudates (FIP or neoplasia) 


Common differential diagnoses for pleural 
space disease in dogs and cats (FIP, feline 


infectious peritonitis) 


Syndromes of pleural space disease 


Pyothorax: This is the accumulation of a purulent exu- 
date in one or both sides of the pleural space and is 
more common in cats than in dogs. The aetiology in- 
cludes idiopathic causes, penetrating chest wounds, 
haematogenous spread, extension from adjacent 
structures or fascial planes, aspirated foreign bodies, 
ruptured pulmonary abscesses and ruptured oesopha- 
gus. Presenting complaints include lethargy, anorexia, 
respiratory distress, fever and/or weight loss. The di- 
agnosis is confirmed by high nucleated cell counts in 
the pleural fluid, with a large number of degenerate 
neutrophils. Bacteria may be visible, but are not 
always evident. Both aerobic and anaerobic cultures 
should be submitted because of the high incidence of 
anaerobic bacteria in pleural infections. Polymicrobial 
infections are common. 


Treatment in cats should consist of thoracic drain- 
age and administration of broad-spectrum intravenous 
antibiotics until the rate of effusion diminishes, followed 
by oral antibiotics once culture results become avail- 
able. Since this is a deep tissue infection, prone to 
recurrence in individual animals, antibiotic therapy is 
typically continued for 2-3 months. Thoracic drain- 
age can be accomplished by repeated needle thora- 
cocentesis, however it is a painful procedure that may 
not be well tolerated, and may not effectively drain 
the exudate if it is viscous or loculated. Placement of 
one or more chest drains allows continuous drainage 
of the fluid as it forms (Figures 7.31 and 7.32). Fre- 
quency of drainage will depend on the rate of fluid 
production but gentle aspiration of the chest tube is 
usually performed several times daily. Alternatively, 
the drain may be attached to a pleural suction device 
which provides gentle continuous negative pressure 
to the drain and is ideal if large volumes of fluid are 
produced. Lavage of the thoracic cavity with 5-20 ml/ 
kg of warmed sterile saline once or twice daily has 
been recommended but should be reserved for 
patients that have very viscous effusions. Thoracic 
drainage should continue until the fluid character has 
changed to a serosanguineous effusion containing 
non-degenerate neutrophils, and the volume has di- 
minished to 5 mi/kg/day or less. On average, thoracic 
drainage is required for about 1 week, but the range 
varies from 2 days to 3 weeks. If patients fail to re- 
spond, careful evaluation for underlying causes of 
pyothorax, such as lung abscesses, should be con- 
sidered and exploratory thoracotomy may be required. 


Chest tube placement. (a) Prior to placement of the chest tube, the thoracic skin is pulled cranially by an 
assistant; release of the skin will create a subcutaneous tunnel for the tube. (Courtesy of Dr David Holt, School 

of Veterinary Medicine, University of Pennsylvania) (b) The trochar thoracostomy tube has been inserted through a skin 

incision (10th intercostal space), and is being directed subcutaneously in a cranial direction. (Courtesy of Dr Robert White) 


Recurring pneumothorax requiring repeated thoracocentesis 


* _ Severe coagulopathy 


Chest tube placement. (continues) 
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Place patient in lateral recumbency. 
Aseptically prepare and drape area. 


een 


General anaesthesia (preferable), can be done with sedation only in emergency. 
Clip lateral thorax from just caudal to the front legs to the last rib and from dorsal spine to ventral midline. 


Loosen stylet from chest tube. an hoaa nan na opines adan bo oSA haha a E ut ama E lg 


holes are made with a scalpel blade and should not exceed 50% of the diameter of tube to prevent tube breakage within the 


gla a 


A small stab incision should be made in the skin over the highest point of the thorax at intercostal space 9-10. 
Skin is then pulled forward (by assistant) to create tunnel and allow the chest tube to be placed in intercostal space 7-8 (Figure 7.31a). 


Uidogaipe gmanimuma toii dpon ok Angina: ine in Korpona mua AS E E 
of the thoracic vertebrae/head of ribs one space cranial and caudal, and at 
, aspirate to determine that the needle is not in the intercostal artery or vein. 


Haemostats are used to dissect bluntly into the pleural space, then spread wide enough to allow the tube to be passed through the hole 


created. The tube and stylet are inserted into the pleural space and advanced very slightly as a unit in a cranioventral direction. At this time, 
the tube/stylet unit should be being held parallel to the thoracic wall. The tube should then be fed off the stylet again in a cranioventral 
direction. Tubes without trochars can also be placed using this technique. 


10. Stop manual ventilation while inserting the tube, to allow lungs to deflate and decrease risk of trauma to lungs. 

11. Assess placement of the tube by using the stylet to measure the distance the tube has been advanced within the thorax. 

12. Connect the tube to a three-way stopcock and injection caps or a pleural drainage system. 

13. As soon as the drain is in place, aspirate as much of the air/fluid as possible. Record the amount and keep samples for further analysis if required. 
14. Secure to the skin with a purse-string suture around the tube at the entry site and a ‘Chinese finger trap’ suture pattern to reduce sliding of the tube. 


15. Place sterile dressing and light bandage. 


16. Tube connection sites can be secured with orthopaedic wire in figure-of-eight patterns. 


. Sedation or anaesthesia should be provided if possible. 
Steps 2-6 as above. 


tightly 2.5-5.0 cm from its distal tip to prevent the tube from penetrating too 


into the chest cavity. 


1 
2. 
3. The tube is tunnelled subcutaneously two to three rib spaces Acreage cme T A airtel Ss 
4 
5. 


. The top of the tube is hit bluntly with the palm of other hand, popping the tube through into the pleural space. 
connected and secured 


The tube is then slid off the stylet, directing it cranially and ventrally, 


This is a very rapid placement technique, butis not recommended unless in an emergency stuaton wih no other pons, to creased risk ol 
iatrogenic trauma. It is never recommended in cats due to their small size and very compliant chest 


* Thoracic radiographs PaT T ene 


‘ Thoabelg ine) he ouse fognarie am t ee 


collar may also be used 


* — Pain management with Bere ete Heit saapa Cge hiraka keane EER TE SESS 


administered if patient has a stable cardiovascular system 


*  Bupivicaine can be given at a dose of 1.5 mg/kg through the tube every 6-8 hours 
+ 24-hour monitoring is required due to the risk of disconnection and the development of a pneumothorax 


(continued) Chest tube placement. 


In dogs, surgical treatment with thoracotomy has 
been shown to be beneficial in pyothorax, improving 
outcome and reducing recurrence rate when compared 
to medical therapy alone. Recently, the use of thora- 
coscopy for treatment of pyothorax in both dogs and 
cats has been discussed. This treatment modality 
allows thorough lavage of the pleural space while 
guaranteeing removal of the fluid. It also provides an 
opportunity to examine the lungs and mediastinum for 
obvious abscessation, masses or foreign material. Tho- 
racoscopy is frequently used in human patients with 
pyothorax, and has the potential to become the treat- 
ment of choice in veterinary patients as well. 


Non-bacterial exudates: Feline infectious peritoni- 
tis virus can cause pleural effusion in affected cats, 
recognized by a sticky yellow effusion that has a high 
protein and low cellularity. The prognosis is very poor 
for affected cats. 


Chylothorax: This is the accumulation of a milky ef- 
fusion within the pleural space, which has a triglycer- 
ide concentration higher than that of a concurrently 
obtained plasma sample. A true chylous effusion con- 
tains chylomicrons, but a pseudochylous effusion, 
although the same on gross inspection, contains only 
cholesterol. Chylothorax can occur whenever there is 
obstruction or leakage of chyle due to disruption of 
the thoracic duct (Figure 7.33). Common causes 
include idiopathic disease, trauma, neoplasia and 
feline cardiomyopathy. 

Treatment of chylous effusion aims to remove the 
underlying cause and decrease the rate of formation. 
With the exception of chylous effusions caused by heart 
failure or lymphoma where specific medical therapy is 
indicated, empirical medical management with Rutin 
(a flavonoid compound) and low-fat diets is often dis- 
appointing. Surgical management is associated with a 
poor prognosis for complete correction. Thoracic duct 
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A 5-year-old Domestic Longhair cat that 
7.33 
presented for progressive respiratory distress 


Thoracic radiographs were taken and show a marked 
pleural effusion. Thoracocentesis was performed and 
150 ml of a chylous effusion was removed 


ligation accompanied by pericardectomy and 
omentalization of the thoracic cavity is generally re- 
garded to be the best option, but is associated with a 
relatively high rate of recurrence. An alternative option 
is placement of a pleuroperitoneal shunt device. 


Transudates: Transudates (pure and modified) are 
recognized as clear to yellow fluid which has low 
cellularity and low protein content. The most common 
cause is right-sided congestive heart failure, manage- 
ment of which is discussed in Chapter 6. A complete 
cardiac evaluation should be performed, and cardiac 
disease should be treated appropriately to prevent or 
reduce recurrence of pleural effusion. Transudates can 
also develop or be exacerbated by factors such as 
hypoproteinaemia and low oncotic pressure, or vas- 
culitis. For these reasons, modified transudates in the 
pleural cavity are common in patients with sepsis or 
pancreatitis and in patients with pulmonary thrombo- 
embolism. Neoplasia may also cause a modified 
transudate, which may contain exfoliated neoplastic 
cells. This emphasizes the need for cytological evalu- 
ation of all effusions. Thoracic radiographs should be 
obtained following thoracocentesis to evaluate the car- 
diac silhouette and to look for evidence of neoplasia. 
Occasionally, in the absence of cardiac disease, a 
definitive diagnosis cannot initially be made. As 
the disease progresses and the effusion returns, the 
underlying cause can usually be identified. 


Haemothorax and sanguineous effusions: Haemo- 
thorax may be produced following trauma, as a result 
of a coagulopathy, or may be caused by neoplasia. 
Anticoagulant rodenticides are considered the most 
common non-traumatic cause of haemothorax. Ani- 
mals with rodenticide poisoning may present in acute 
respiratory distress with no other obvious signs of 
bleeding. Treatment requires a source of coagulation 
factors via fresh whole blood or plasma transfusions 
as well as vitamin K1 therapy. Thoracocentesis should 
only be performed if the animal's respiratory status is 
severely compromised by the pleural effusion. Con- 
genital coagulopathies such as haemophilia Acan also 
lead to haemothorax, but are less common. Neo- 
plasms such as haemangiosarcoma can also result 
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in a rapidly forming haemothorax, which should also 
be managed by transfusions and thoracocentesis (with 
cytological evaluation of the fluid). Patients that do not 
respond to conservative therapy may require explora- 
tory thoracotomy to establish a diagnosis and to resect 
bleeding masses, although long-term prognosis is poor. 

A sanguineous effusion can be defined as an ac- 
cumulation of grossly bloody pleural fluid that does 
not have a high enough packed cell volume to be clas- 
sified as haemorrhage. The most common causes of 
sanguineous effusions are lung lobe torsions and neo- 
plasia. Lung lobe torsions are most commonly diag- 
nosed in deep-chested dogs, with a predilection in 
Afghan Hounds and Borzois, although they have also 
been reported in pugs. Affected animals present with 
an acute or chronic history of progressive dyspnoea 
and weight loss. On physical examination typical find- 
ings include dull lung sounds in the ventral portion of 
the lung fields. Pleural fluid accumulates because of 
obstruction of venous outflow from the twisted lung 
lobe, and the fluid is typically bloody with numerous 
neutrophils and macrophages on cytology. Chylous 
effusions are also seen. Thoracic radiographs should 
be obtained after the fluid has been removed from 
the pleural cavity. The most common finding is com- 
plete collapse of a single lung lobe, which can appear 
consolidated or with an unusual ‘honeycomb’ pattern 
(Figure 7.34). The bronchus of the affected lobe may 
appear distorted or extend in the wrong direction. 
Ultrasonography with colour-flow Doppler can help 
confirm the diagnosis by showing lack of blood flow 
in the twisted lung lobe. Once lung lobe torsion is sus- 
pected, an emergency thoracotomy is indicated to 
resect the affected lobe before tissue necrosis trig- 
gers the systemic inflammatory response syndrome 
(SIRS). If the lobe is resected early in the course of 
the disease process the prognosis is good, but occa- 
sionally effusions recur in the days and weeks follow- 
ing surgery. In these cases the character of the 
effusion may change from sanguineous to chylous. 
The risk of chylous effusion appears to be particularly 
high in Afghan Hounds and Borzois, and in these 
breeds the prognosis for long-term survival is guarded. 


A 3-year-old intact male Afghan Hound 
7.34 
presented with acute respiratory distress. 


Thoracic radiographs revealed a pleural effusion and 
possible lung lobe torsion. Ultrasonography confirmed 
this diagnosis and the dog underwent a thoracotomy to 
remove the right cranial lung lobe 


Neoplastic effusions may also be sanguineous. 
Exfoliated neoplastic cells may be evident on cytologi- 
cal evaluation of the fluid, but the absence of neoplastic 
cells does not rule out neoplasia. The most common 
neoplasm that is easily diagnosed on cytology is lym- 
phoma in cats, which is usually associated with a me- 
diastinal mass that can reduce chest compressibility 
(Figure 7.35). Other neoplasms that can cause a 
pleural effusion include carcinomas, chemodectomas, 
thymomas, sarcomas and mesotheliomas. 


A 9-year-old Siamese cat that presented for 
= increased respiratory rate and effort. 


Decreased chest compressibility and dull ventral lung 
sounds were noted on physical examination. This lateral 
thoracic radiograph shows a marked pleural effusion and 
elevation of the carina and narrowing of the trachea 
caused by a large cranial mediastinal mass. 


Pulmonary function testing in the 
dyspnoeic patient 


Apart from clinical examination, useful methods for 
pulmonary function testing in the dyspnoeic patient 
include arterial blood gas analysis, pulse oximetry and 
end-tidal capnography. 


Arterial blood gas analysis 

The most definitive method of assessment of lung 
function is measurement of partial pressures of oxy- 
gen (PO.) and carbon dioxide (PCO.) in arterial blood. 
Commonly used analysers directly measure pH, PO, 
and PCO.. A variety of instruments is available to 
measure blood gases in veterinary practice, includ- 
ing relatively inexpensive hand-held instruments. 

Samples of arterial blood can be obtained by di- 
rect puncture of any artery. Most commonly, the dor- 
sal pedal artery is used, but other sites include the 
femoral, brachial and auricular arteries. Samples can 
also be obtained from catheters placed in the dorsal 
pedal, femoral or auricular artery (see Chapter 2). 
Blood gas syringes should be preheparinized, either 
by using heparin sodium solution to flush the syringe, 
or by use of specially made blood gas syringes which 
contain lyophilized lithium heparin. 

To obtain a sample by direct puncture, one or two 
assistants will be required to restrain the animal. The 
artery is palpated such that the operator can feel the 
pulsations with one hand and use the other to direct 
the needle at about a 60 degree angle towards the 
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palpated artery. When the artery has been penetrated, 
a flash of blood will be seen in the hub of the needle, 
and the syringe is aspirated to obtain the sample. 
Proprietary pre-set syringes contain a filter through 
which air is displaced, and the syringe fills by direct 
arterial pressure, without the need for aspiration on 
the plunger. On removal of the needle, direct pres- 
sure should be applied to the artery for a few minutes 
to prevent haematoma formation. All air bubbles 
should be removed immediately, and the sample 
capped with an airtight seal to prevent exposure to 
room air. The sample should be analysed as soon as 
possible, and kept on ice until analysis. Ideally, analy- 
sis should occur within 2 hours of sample collection. 

A considerable degree of error can be introduced 
into blood gas analysis by operator technique and 
sample maintenance. If exposed to room air or if there 
are air bubbles in the sample, PCO, will decrease and 
PO, will increase as the sample equilibrates with room 
air gas tensions. Dilution of the sample with heparin 
also introduces error. Excessive heparinization of the 
syringe leads to reduction in measured PCO,, but lit- 
tle change in pH. This error can be minimized by ex- 
pelling all of the heparin from the syringe after flushing, 
leaving only the heparin that fills the dead space of 
the hub of the needle, or by using lyophilized heparin. 

Storage of the sample leads to changes in meas- 
ured gas tensions as a result of ongoing metabolism 
by the cells. Anaerobic glycolysis by red blood cells 
leads to production of carbon dioxide. Oxygen utiliza- 
tion for aerobic metabolism by leucocytes and 
reticulocytes leads to a decrease in PO,. The longer 
the sample is stored, and the higher the white cell count, 
the more pronounced these changes become. Mainte- 
nance of the sample on ice between collection and 
analysis minimizes this effect by reducing metabolism 
by the cells. Small samples of blood quickly cool to 
0°C when placed in ice water, and therefore do not 
maintain cell metabolism for more than a few minutes. 


P,O, and hypoxaemia 

PO, represents the oxygen dissolved in plasma. The 
P,O; then determines the oxygen saturation of hae- 
moglobin in a sigmoid relationship according to the 
oxygen dissociation curve (see Figure 7.2). Haemo- 
globin is expected to be fully saturated at a P,O; be- 
tween 60 and 70 mmHg. Animals with normal lung 
function, breathing room air, should have P,O, values 
greater than 85 mmHg. Increases in inspired oxygen 
concentration lead to further increases in P,O.. A use- 
ful clinical rule of thumb is that the P,O, should roughly 
equal five times the inspired oxygen concentration: 
an animal on 100% oxygen (anaesthetized and intu- 
bated) should have a P,O, of about 500 mmHg, and 
an animal on 40% oxygen (nasal oxygen or oxygen 
cage) should have a P,O; of 200 mmHg. The great 
majority of oxygen is carried in blood as oxyhaemo- 
globin, and relatively small amounts are carried as 
dissolved oxygen. Thus, once the haemoglobin is fully 
saturated, little overall increase in oxygen delivery to 
the tissues will occur by dissolving more oxygen in 
the plasma. If the inspired oxygen concentration has 
been changed, equilibration to the new P,O, occurs 
within 2-3 minutes. 
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P.O, values less than 75 mmHg are usually treated 
by oxygen supplementation and addressing the un- 
derlying cause of the hypoxaemia. Values less than 
55 mmHg are imminently life threatening and require 
immediate action. Decreases in P,O, result from one 
of the following: 


* Decreased oxygen in inspired air (e.g. 
decreased barometric pressure at high altitudes) 
* Hypoventilation (decreased movement of air into 
the lungs) leading to less availability of oxygen in 
the alveoli for gas transfer (see below) 
* Venous admixture, resulting from: 
— Shunting 
— Ventilation—perfusion mismatch 
— Diffusion impairment. 


Shunting implies that blood completely bypasses 
functional alveoli. This can occur either by venous— 
arterial shunts that deliver venous blood directly to 
the arterial circulation (e.g. reverse patent ductus ar- 
teriosus (PDA), bronchial anastomoses), or by blood 
flow to completely non-functional areas of lung, such 
as severely atelectatic areas or neoplastic masses. 
In either case, blood with the same oxygen content 
as systemic venous blood returns to the systemic cir- 
culation and mixes with arterial blood, resulting in an 
overall decrease in P,O.. If shunting is the cause of 
hypoxaemia, the hypoxaemia will not be correctable, 
no matter how much the inspired oxygen concentra- 
tion is increased. 

The second cause of venous admixture is ventila- 
tion—perfusion mismatch. In normal animals, ventila- 
tion (the delivery of air to alveoli) and perfusion of the 
alveoli with blood are fairly closely matched in order to 
maximize gas transfer. Disease processes such as 
airway or alveolar disease can change the pattern of 
ventilation. Similarly, vascular disorders such as throm- 
boembolic disease can change the pattern of perfusion. 
Significant mismatch of ventilation and perfusion can 
result, causing hypoxaemia. In such cases, providing 
an increased inspired oxygen concentration may re- 
sult in increases in P,O,. Ventilation—perfusion mis- 
match is the most common cause of hypoxaemia in 
veterinary patients with parenchymal disease. 

Diffusion of oxygen across the alveolar capillary 
membrane may be impaired by any process that leads 
to thickening of that membrane. Since there is a great 
reserve for diffusion of oxygen, it is unusual for diffu- 
sion to be the limiting factor for oxygen transfer, ex- 
cept in very severe disease processes. Since carbon 
dioxide is about 20 times more soluble than oxygen, 
diffusion almost never limits carbon dioxide transfer 
in the lungs. 


P,CO, and hypercarbia 

The rate of elimination of carbon dioxide from the body 
directly influences the arterial partial pressure of 
carbon dioxide (P,CO.), whereas the production of car- 
bon dioxide by tissue metabolism is most closely 
related to venous partial pressure of carbon dioxide 
(P,CO,). Since carbon dioxide is very soluble and 
has an almost linear dissociation curve, it easily dif- 
fuses out of blood into the alveoli, and there is a huge 
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reserve for carbon dioxide elimination from the lung. 
Thus, P,CO, primarily depends on the extent of 
ventilation. Minute ventilation is a measure of the 
total amount of gas moved in and out of the lung 
per minute, and is a function of respiratory rate and 
tidal volume. Hyperventilation, such as might occur 
with fear, pain or pulmonary parenchymal disease, 
results in low P,CO,. Hypoventilation leads to in- 
creases in P,CO., and is commonly seen with dis- 
orders that affect the mechanical ability to move 
air into the lungs, and occasionally in animals with 
severe pulmonary parenchymal disease. 

P,CO, values above 50 mmHg are significant and 
require treatment, and values above 70 mmHg are 
imminently life-threatening. P,CO, values below 20 
mmHg may result in excessive cerebral vasoconstric- 
tion, and should be treated aggressively. 

Increased P,CO, in hypoventilation is accompa- 
nied by decreased P,O,. In a hypoventilating patient, 
oxygen supplementation will increase the P,O., but 
will result in no change in P,CO, values because it 
does not change the total volume of air moved into 
and out of the lungs per minute. Examples of the most 
common causes of hypoventilation include: 


* Neurological disease or anaesthesia affecting 
central medullary respiratory drive 

* Spinal cord dysfunction cranial to C4—C5 

* Phrenic nerve dysfunction or neuromuscular 
junction disease 

* Chest wall injury 

+ Respiratory muscle dysfunction 

* Airway obstruction. 


If P,CO, is high, the animal experiences dyspnoea. 
Profound respiratory acidosis may result from the 
hypercarbia, which can become life threatening by 
causing decreased cardiac output, hypotension and 
neurological depression due to carbon dioxide narco- 
sis. Thus, if hypoventilation is found in clinical patients, 
measures must be taken to improve ventilatory sta- 
tus by addressing the cause of hypoventilation. If cor- 
rection of the underlying cause is impossible or will 
take time, positive pressure ventilatory support should 
be considered. 


Indices based on oxygen tension 

The measured value for P,O, depends on the extent 
of ventilation and the inspired oxygen concentration, 
as well as the presence of lung disease. A number of 
calculations can be performed to allow meaningful 
comparison between abnormal P,O, values at differ- 
ent ventilation rates and while the patient is receiving 
oxygen supplementation. 

Calculation of the alveolar—arterial oxygen gradi- 
ent (P,_,0.) gives an estimate of the effectiveness of 
gas transfer, while removing the variable contribution 
of the extent of ventilation. As lung dysfunction wors- 
ens, the oxygen gradient between the alveoli and the 
arteries increases. To calculate the P,_,O., the partial 
pressure of oxygen in the alveoli (P,O.) must first be 
estimated, using the alveolar gas equation: 


P,O, = FO, (P.- Paso) pe P,COJRQ 


where FO, is the fractional inspired oxygen concen- 
tration, P, is barometric pressure, Pazo is saturated 
water vapour pressure at body temperature and RQ is 
the respiratory quotient. At sea level, in room air and 
assuming RQ for the dog to be about 0.9 on typical 
diets, the alveolar gas equation can be simplified as: 


P,O; = 150 - (P,CO,)1.1 


This equation provides a very useful clinical esti- 
mate of alveolar PO,. Measured arterial PO, is sub- 
tracted from P,O; to give the alveolar—arterial gradient: 


P,,0, = P,O, - P,O; 


The reference range for P,_,O. in patients breathing 
room air is less than 15 mmHg. Increased gradients are 
seen in patients with pulmonary parenchymal disease, 
and the gradient would be expected to be normal in 
patients with hypoxaemia secondary to pure hypoven- 
tilation with no parenchymal lung disease. Calculation 
of P,O; allows clinical comparison of serial blood 
gases in patients with variable ventilatory status. 

A second clinically useful index based on oxygen 
tension is the ratio of P,O,:F[O,. Many arterial blood 
gases are obtained in critically ill patients that are re- 
ceiving oxygen supplementation. In such patients, 
removal of oxygen support in order to obtain arterial 
samples on room air may be unsafe or inhumane. 
Calculation of P,O,:FO, ratios allows comparison of 
serial samples that are obtained at varying concen- 
trations of inspired oxygen. Normal animals usually 
have a P,O,:FO, >400. Values less than 200 imply 
serious lung disease. 


Pulse oximetry 

Pulse oximetry is used to determine indirectly the ar- 
terial haemoglobin saturation with oxygen. Oxygen is 
carried to the tissues attached to haemoglobin in the 
red blood cells. Each haemoglobin molecule is capa- 
ble of binding four molecules of oxygen; thus haemo- 
globin carries the majority of the oxygen in the blood, 
with only a relatively small proportion carried as dis- 
solved oxygen in the plasma. The relationship between 
the P,O, and the amount of oxygen attached to hae- 
moglobin (expressed as percent saturation, S,O.,), is 
not linear. When one molecule of oxygen binds to hae- 
moglobin, the haemoglobin molecule undergoes a 
conformational change that allows three more oxy- 
gen molecules to bind much more easily. Thus, the 
oxygen dissolved in the plasma and that carried on 
the haemoglobin are in fact related by means of a 
sigmoid curve. 

In normal arterial blood, the haemoglobin should 
be >95% saturated with oxygen. Observation of the 
curve (see Figure 7.2) demonstrates that the normal 
animal operates with quite a large safety margin with 
regard to haemoglobin saturation. Haemoglobin be- 
comes close to fully saturated (>90%) at a P,O; of about 
70 mmHg; at this point the curve plateaus and despite 
higher P,O, haemoglobin saturation, and therefore 
oxygen transport, cannot be increased much more. In 
animals with lung disease, decreases in oxygenation 
may occur. Once the P,O, becomes as low as 70-75 
mmHg (corresponding to an S,O, of 90-92%), the ani- 
mal comes perilously close to the ‘shoulder’ of the curve. 
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The pulse oximeter is a dual wavelength spectro- 
photometer that measures haemoglobin saturation by 
transmitting light through a pulsating arterial vascular 
bed. Transmission of light through tissue is not con- 
stant, but varies with each cardiac pulse. The variation 
in transmitted light is entirely due to arterial blood, with 
the contribution of venous blood and tissue remaining 
constant. By using the appropriate transmitted light 
wavelengths for oxyhaemoglobin and deoxyhaemo- 
globin, the microprocessor can continuously calculate 
oxygen saturation. Pulse oximetry readings of 93% 
or higher are acceptable in non-anaemic critically ill 
patients breathing room air. Oxygen supplementation 
should be considered in patients with haemoglobin 
saturation of less than 93%. Saturation values of 90% 
correlate with a P,O, of approximately 60-70 mmHg 
and indicate severe hypoxaemia. Values below 90% 
should be addressed immediately by providing sup- 
plemental oxygen or positive pressure ventilation. 

The pulse oximeter has been validated to be accu- 
rate in dogs. In cats and dogs, the small pulse oxi- 
meter probe can be placed on a shaved area of the 
pinna of the ear, the lip, or a fold of skin at the axilla or 
the inguinal area. In anaesthetized patients, the tongue 
is the most useful site. The pulse oximeter is non- 
invasive and very well tolerated by the majority of ani- 
mals. It provides a continuous read-out of haemoglobin 
oxygen saturation and pulse rate, thus it is a useful tool 
for continuous monitoring of the hypoxaemic patient. 
When arterial blood gas analysis is unavailable, or when 
arterial blood cannot be obtained, the pulse oximeter 
can provide a useful indication of arterial saturation and 
a means of assessing disease progression. 

In humans, the accuracy of the pulse oximeter 
reading has not been noted to change significantly 
with skin colour, serum quality, or mild to moderate 
anaemia. In dogs, it seems that extremely dark skin 
pigmentation, as in Newfoundlands or black Labra- 
dor Retrievers, impedes effective pulse oximetry read- 
ings. The major limiting factor in the use of pulse 
oximetry is tissue perfusion. Any condition that dimin- 
ishes tissue blood flow, such as hypotension or shock, 
will prevent the pulse oximeter from accurately read- 
ing and measuring haemoglobin saturation. Motion 
of the probe also can decrease the ability to obtain a 
signal. Despite these limitations, the pulse oximeter 
provides us with a Clinically useful and simple meas- 
ure of haemoglobin saturation. Newer technology in 
pulse oximetry, which is now beginning to be clini- 
cally available, may help to address some of the limi- 
tations relating to poor perfusion and motion artefact. 


End-tidal capnography 

End-tidal capnography is another indirect technique for 
respiratory monitoring. This instrument measures the 
amount of carbon dioxide in exhaled air, and thus can 
give an indirect estimate of ventilation status. End-tidal 
carbon dioxide is most frequently measured in anaes- 
thetized and intubated patients. A T-piece is inserted 
into the system at the end of the endotracheal tube. 
Some instruments have side-stream ports that aspi- 
rate air into the machine where it is analysed, others 
with main-stream ports measure carbon dioxide at the 
airway. Alternative approaches include placement of 
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the sampling tube at the nares, or its attachment to the 
end of a tracheostomy tube. The end-tidal capnograph 
continuously measures the carbon dioxide content of 
inhaled and exhaled air. 

Because it is so easily diffusible, the carbon diox- 
ide in pulmonary capillaries equilibrates almost im- 
mediately with alveolar air. If carbon dioxide in alveolar 
air could be measured, it would almost exactly repre- 
sent that of pulmonary capillary blood (Figure 7.36). 
In a single breath, air sampled during inspiration 
should represent room air and therefore contain vir- 
tually no carbon dioxide. As exhalation begins, the air 
passing the instrument initially represents dead space 
which has not been in contact with alveolar air. It there- 
fore contains virtually no carbon dioxide. As exhala- 
tion continues, alveolar air begins to mix with air from 
dead space, with a resultant gradual increase in the 
amount of carbon dioxide measured by the instrument. 
Eventually, all the air passing the sampling port is al- 
veolar air, and the partial pressure of carbon dioxide 
reaches a plateau, which is reported by the instru- 
ment as the end-tidal carbon dioxide. 


c 


A 


The capnograph tracing. (A) Phase |: represents 

= airway deadspace, the portion of the breath 
being exhaled from the conducting airways, which does 
not contain any measurable amount of carbon dioxide 
(B) Phase Il: represents the mix of airway deadspace 
gases with alveolar gas, and typically shows a significant 
rise in carbon dioxide. (C) Phase Ill: represents effective 
alveolar ventilation. The plateau value is the value that is 
reported as end-tidal carbon dioxide 


Errors in end-tidal carbon dioxide monitoring are 
primarily related to respiratory rate, especially in pant- 
ing animals or extremely tachypnoeic patients. Fur- 
ther errors might occur if lung disease results in 
uneven emptying of alveoli, thus preventing the end- 
tidal carbon dioxide concentration from reaching a 
measurable plateau. Another factor to bear in mind 
when using this type of instrumentation is the volume 
of air aspirated from the anaesthetic circuit during side- 
stream monitoring. Instruments in veterinary use as- 
pirate air at a rate of 50-150 ml/min, and gas flow 
rates should be adjusted accordingly. If this type of 
instrument is being used with inhalant gas in an an- 
aesthetic circuit, the sampled air should be returned 
to the circuit or vented to the exterior, rather than al- 
lowing release of inhalant gas into the room. 

End-tidal carbon dioxide should approximate the 
venous partial pressure of carbon dioxide, providing 
an estimate of ventilation status. There is usually a 
variable gradient, however, between the end-tidal 
result and the venous partial pressure of carbon di- 
oxide. This instrument should therefore be used 
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primarily to follow trends. Normal values should be in 
the 35-45 mmHg range. If the end-tidal carbon dioxide 
concentration is >50 mmHg, this result is highly spe- 
cific for clinically significant hypoventilation, which 
should be treated immediately. 


Intubation and positive pressure 
ventilation 


Extremely dyspnoeic animals that cannot adequately 
ventilate or oxygenate may require anaesthesia and 
intubation to establish control over the airway and to 
provide short-term positive pressure ventilation (PPV) 
(Figure 7.37). This aggressive approach is reserved 
for the most severe cases of respiratory distress. 
Clinical parameters indicating that the animal should 
be intubated include severe distress that is non- 
responsive to therapy, persistent cyanosis that is not 
responsive to oxygen supplementation and a fractious 
patient that cannot be restrained for diagnostics or 
therapy. In any of these situations, anaesthesia elimi- 
nates distress and facilitates handling for diagnostic 
investigation. On blood gas analysis general indica- 
tors for PPV are a P,O, of 60 mmHg or less on oxy- 
gen supplementation, or a P,CO, >50 mmHg. 


The Golden 
Retriever puppy 
pictured in Figure 
7.1 after failing to 
respond to oxygen 
therapy. He required 
anaesthesia, 
intubation and 
positive pressure 
ventilation. A large 
amount of 
sanguineous fluid 
has flowed out of his 
airways and pooled 
on the table in front 
of him. (Courtesy of 
Dr Ken Drobatz, 
University of 
Pennsylvania) 


Induction of anaesthesia for intubation 

Care must be taken when choosing an anaesthetic 
agent for induction. Often there is concurrent cardio- 
vascular system instability and myocardial irritability 
due to hypoxaemia. Since the clinician will be estab- 
lishing control over the airway and taking over respi- 
ratory function, concerns about ventilatory depression 
by anaesthetic agents are reduced. Intravenous an- 
aesthetic agents are ideal because they allow rapid 
induction, intubation and therefore airway manage- 
ment. Mask induction or the use of intramuscular 
agents are associated with a high risk of cardiopul- 
monary arrest when severe respiratory distress is 
present. If upper airway obstruction is suspected, 
before inducing anaesthesia the clinician should or- 
ganize all of the materials required to perform an 
emergency tracheostomy in the event that endo- 
tracheal intubation is not possible (see Figure 7.10). 


Where there is no evidence of hypovolaemia, 
propofol may be administered by intravenous injec- 
tion to effect, although this drug may be associated 
with vasodilation and production of intrapulmonary 
arteriovenous shunting. Shunting may severely ag- 
gravate pre-existing hypoxia and, although temporary, 
is not responsive to increased inspired oxygen con- 
centration or assisted ventilation. Thiopental is not 
associated with intrapulmonary shunting, but may pro- 
duce ventricular premature contractions if there is 
myocardial hypoxia and hypotension when there is 
hypovolaemia. Alternatively, low doses of intravenous 
opioid analgesics, such as fentanyl or morphine, com- 
bined with a benzodiazepine sedative agent, such as 
diazepam or midazolam, may produce adequate se- 
dation and muscle relaxation to allow endotracheal 
intubation in critically ill patients (see Chapter 21). 
Respiratory arrest may be temporarily produced with 
this technique and it is important immediately to intu- 
bate and ventilate the patient. 

Anaesthesia must then be maintained to allow 
continued intubation using either volatile agent inha- 
lation or repeated administration of injectable drugs. 
Once the animal has been intubated, it should be im- 
mediately placed on 100% oxygen and positive pres- 
sure ventilation should be initiated by manually 
bagging the animal until more information is available 
about respiratory function. The haemodynamic sta- 
tus of the patient should be carefully monitored, body 
temperature measured and supported if necessary 
and the administration of anaesthetic drugs kept at 
the minimum required to maintain unconsciousness 
and lack of response to gentle movement of the endo- 
tracheal tube. 


Positive pressure ventilation 

Because it is labour intensive, invasive and associ- 
ated with numerous complications, positive pressure 
ventilation in dogs and cats is reserved for severely 
affected patients when all other treatment possibili- 
ties have failed. Hypoxaemia can usually be man- 
aged by increasing the concentration of oxygen in 
inspired air using an oxygen cage, nasal oxygen or 
mask. If these measures fail, positive pressure ven- 
tilation becomes the only option for continued treat- 
ment. Similarly, hypoventilation can sometimes be 
treated by effective management of the underlying 
problem, but if that fails to result in satisfactory im- 
provement, positive pressure ventilation is required. 
Positive pressure ventilation requires 24-hour nurs- 
ing and veterinary care and, ideally, a specialized 
intensive care unit (ICU) ventilator, especially if this 
type of respiratory support needs to be continued 
beyond 12-24 hours. 


Ventilators 

Volume-cycled ventilators are programmed to deliver 
a given volume of oxygen—air mix. Once a given vol- 
ume is chosen, this volume will be delivered irrespec- 
tive of the airway pressure that is reached. Problems 
such as mucous plugs in the endotracheal tube or 
airways are easily detected, as narrowing of the func- 
tional airway causes an increase in the peak airway 
pressure for a given tidal volume. 
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Pressure-cycled ventilators are programmed to 
deliver oxygen—air up to a given airway pressure, 
irrespective of the volume delivered. In this mode, 
unless tidal volume is measured frequently, it can 
slowly decrease over time as mucus accumulates, and 
the animal may be ventilated with smaller and smaller 
volumes to reach a given pressure. This can lead to 
problems with hypoventilation that may be difficult to 
detect, especially if they occur acutely. Peak pressures 
vary depending on the requirements of individual 
patients: patients with very stiff (poorly compliant) 
lungs may require higher pressures in order to achieve 
adequate ventilation. 


Modes of ventilation 

There are two basic ventilator modes (Figure 7.38): 
assist/control (AC), or synchronous intermittent man- 
datory ventilation (SIMV). The choice of mode de- 
pends on the degree of ventilatory support that is 
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7.38 (a) A ventilator breath is compared with a 
spontaneous patient breath. The spontaneous 
breath (dotted line) begins as a negative inspiratory 
effort, followed by a slightly positive airway pressure 
during exhalation. In contrast, the ventilator breath (solid 
line) generates exclusively positive airway pressure. 
(b) In assist/control ventilation, the ventilator delivers a 
set number of breaths, to a set pressure or tidal volume. 
The machine delivers these breaths when the patient 
creates a negative pressure in the airway; if the patient is 
not breathing, the machine will automatically deliver the 
set respiration rate. If the patient breathes faster than the 
set rate, the machine is also triggered, and it will deliver 
the desired tidal volume for each patient-initiated breath. 
(c) In synchronous intermittent mandatory ventilation, the 
ventilator is set to deliver a desired number of breaths, 
just as in AC. The breaths are delivered when the 
machine senses a negative pressure effort by the patient 
(‘synchronous’). Between each breath, if the patient 
breathes spontaneously, the machine does not ‘kick in’ 
with a breath of its own, and these patient-induced 
breaths only reach the negative pressure and tidal 
volume determined by the patient. 
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desired: AC controls ventilation completely with very 
little effort from the patient; SIMV assists ventilation, 
but requires varying amounts of patient effort. In the 
majority of cases AC is used initially, and then the 
patient is switched to SIMV when it is ready to be 
weaned from the ventilator. 

In AC ventilation, the ventilator delivers a set 
number of breaths, to a set pressure or tidal volume. 
The machine delivers these breaths when the patient 
creates a negative pressure in the airway; if the pa- 
tient is not breathing, the machine will automatically 
deliver the set respiration rate. If the patient breathes 
faster than the set rate, the machine is also triggered, 
and it will deliver the desired tidal volume or pressure 
for each patient-initiated breath. Therefore, if the 
patient is breathing spontaneously, the machine will 
deliver a full breath for every patient-initiated breath. 
This results in the ventilator performing almost all of 
the work of breathing in this mode. This mode can 
become problematical in patients with a rapid and shal- 
low respiratory rate; hyperventilation can result as 
each breath taken by the patient will result in delivery 
of a full tidal volume. 

In SIMV the ventilator is set to deliver a desired 
number of breaths, just as in AC. The breaths are de- 
livered when the machine senses a negative pressure 
effort by the patient (‘synchronous’). Between each 
breath, if the patient breathes spontaneously, the 
machine does not ‘kick in’ with a breath of its own, and 
these patient-induced breaths only reach the negative 
pressure and tidal volume determined by the patient. 
This causes the animal to perform a varying proportion 
of the work of respiration on its own. The amount of 
spontaneous ventilation, and therefore the work of res- 
piration, can be increased or decreased depending on 
the rate that is set on the ventilator. Thus this mode of 
ventilation is very useful for weaning from the ventila- 
tor, since the amount of ventilatory support can be 
slowly reduced, requiring more and more patient work. 
It is also useful in patients with rapid, shallow respira- 
tory patterns, as it prevents the hyperventilation that 
was mentioned above with AC mode. 


Positive end expiratory pressure 

Positive end expiratory pressure (PEEP) can be used 
to improve oxygenation in the hypoxaemic patient. It 
should be used for hypoxaemic animals that are being 
adequately ventilated based on P,CO, levels, but re- 
main hypoxaemic in spite of oxygen supplementation. 
By applying small amounts of positive pressure to the 
airway, complete expiration is prevented, resulting in: 


* Increased functional residual capacity 
* Increased alveolar size and recruitment 
* Prevention of early closure of small airways. 


This can sometimes lead to marked improvement 
of oxygenation, particularly in animals with pulmonary 
oedema or haemorrhage. It usually does not signifi- 
cantly affect carbon dioxide. However it is not without 
its drawbacks; high levels of PEEP will decrease 
venous return to the heart, increase central venous 
pressure (CVP) and increase the mechanical work of 
breathing. The use of PEEP to improve oxygenation 
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sometimes allows decreases in the concentration of 
inspired oxygen. This can be particularly useful in 
animals that are being ventilated with very high oxy- 
gen concentrations, and thus are at risk of oxygen 
toxicity. PEEP should be started at 5 cmH,O, and 
slowly increased until the desired endpoint is reached. 
It is important to watch haemodynamic variables 
closely as PEEP is increased, since it may lead to 
increased incidence of cardiovascular instability. 


Goals of ventilation 

The aim should be to maintain the P,O, at 80-100 
mmHg or higher; and to keep the PCO, between 30 
and 40 mmHg, depending on the condition of the ani- 
mal, its acid-base status and whether or not efforts 
are being made to wean the animal from the ventila- 
tor. P,CO, should be at the lower end of the range in 
animals with cerebral oedema or head trauma or in 
animals that have severe metabolic acidosis. The 
P,CO, is adjusted to the desired level by manipula- 
tion of the respiratory rate and tidal volume. P,O; 
achieved in the ventilated animal depends on: 


Extent of lung disease 

The concentration of oxygen 
Ventilation rate 

The use of PEEP. 


General recommendations suggest that during posi- 
tive pressure ventilation, peak airway pressures of 10- 
20 cmH,O should be the goal. In animals with normal 
lungs, the low end of this airway pressure range will 
usually be achieved if the patient is ventilated with tidal 
volumes of 8—12 ml/kg. Numerous studies confirm ad- 
verse effects in the lungs if airway pressures exceed 
30 cmH,0, including alveolar inflammation, rupture of 
alveolar septae, emphysema and pneumothorax. In 
contrast to normal lungs, the diseased lung can be very 
heterogeneous. Lung units with normal alveoli may be 
side-by-side with lung units with severely abnormal al- 
veoli. If the lung contains many abnormal alveoli, posi- 
tive pressure ventilation with normal tidal volumes can 
result in very high peak airway pressures and over- 
distension of normal alveoli, which are relatively com- 
pliant. Over-distension of the normal alveoli results in 
alveolar inflammation. In addition, some alveoli and 
terminal bronchioles may be ‘recruitable’: collapsed at 
end expiration but expanded during inspiration. In these 
recruitable alveoli and the alveoli immediately adjacent 
to them, further lung injury and inflammation may oc- 
cur due to shear stress as they are opened and closed 
with each breath. Pneumothorax is the most dramatic 
and easily recognised complication of barotrauma and 
volutrauma in the ventilated patient. 

Multiple recent studies suggest that lung protec- 
tive ventilation strategies may result in decreased lung 
inflammation and improved survival. High levels of 
PEEP are used to recruit alveoli and increase func- 
tional residual capacity, thereby preventing the cycle 
of alveolar re-opening and stretching with each breath. 
Current recommendations suggest that tidal volumes 
and peak airway pressures should be kept as low as 
possible (ideally 6-8 ml/kg and <30 cmH.O) in order 
to prevent over-distension of relatively normal alveoli 


and shear stress. Increased physiological and ana- 
tomical dead space and low tidal volumes can result 
in problems with carbon dioxide elimination during 
PPV, particularly at low tidal volumes. The term ‘per- 
missive hypercapnia’ refers to acceptance of a higher 
than normal P,CO, (as long as respiratory acidosis is 
not severe), in order to minimize tidal volumes and 
airway pressures. 

Animals being managed with positive pressure ven- 
tilation are at a high risk of developing pneumonia be- 
cause airway intubation bypasses upper airway 
defences, atelectasis predisposes to impaired bacte- 
rial clearance from the alveoli and there are often in- 
creased populations of resistant Gram-negative 
bacteria in the oropharynx, especially if the animal is 
receiving antibiotics or H, blockers. In addition, most 
critically ill ventilator patients can be expected to be 
immunocompromised because of their illness and of- 
ten decreased nutrition. Pneumonia is a potentially 
serious complication in the ventilated patient because 
it predisposes to sepsis and worsening of SIRS and 
multiple organ failure. In addition it can lead to pro- 
gressive worsening of hypoxia and delay of weaning, 
and therefore can potentially contribute to mortality. Ide- 
ally, surveillance bacterial cultures should be submit- 
ted daily from the airway. The use of prophylactic 
antibiotics is not generally considered ideal; the opti- 
mal approach is to diagnose infection at as early a stage 
as possible, and to initiate targeted therapy at that time. 
If there is clinical evidence of pneumonia, broad-spec- 
trum antibiotic therapy should be immediately admin- 
istered, pending the result of bacterial cultures. 


Monitoring the ventilated patient 

Blood gases should be measured at least every 6 
hours, in order to assess progress and monitor for 
deterioration in pulmonary function or changes in acid— 
base status. The ventilator settings should be adjusted 
based on these results. Packed cell volume, total sol- 
ids/protein and serum electrolytes are measured at 
least every 6 hours, and abnormalities are corrected. 
Continuous monitoring of oxygen saturation using the 
pulse oximeter will give warning if the animal suddenly 
desaturates. End-tidal carbon dioxide can be moni- 
tored, providing an estimation of the P,CO,, and can 
therefore be used to adjust the ventilation volumes 
and pressures. 

The endotracheal tube should be aspirated daily 
and cytology and cultures performed on the aspirates. 
The ventilated animal should have chest radiographs 
frequently to monitor for deterioration or to note im- 
provement. Ideally chest radiographs should be ob- 
tained once daily, but they are indicated if there is any 
deterioration of the clinical condition of the animal. 

Continuous electrocardiograph (ECG) monitoring 
is necessary to monitor heart rate and the presence 
of dysrhythmias. Arterial pressure should be monitored 
frequently, ideally using continuous direct arterial 
monitoring via an arterial catheter, which is also use- 
ful for obtaining regular blood gases. Hypotension 
should be treated as required. Urine output should be 
monitored, and should be at least 1-2 ml/kg/h. Body 
temperature should be monitored and heat support 
provided as needed. 
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Selected respiratory distress 
syndromes 


Patient history often provides a significant insight 
into possible causes of respiratory distress. Trauma, 
exposure to smoke and certain infectious diseases 
are examples of situations in which historical infor- 
mation can be extremely important. Other common 
presentations, including congestive heart failure 
or toxicoses, such as anticoagulant rodenticide tox- 
icity, are addressed in the relevant chapters of 
this manual. 


Trauma 

Trauma is a common cause of respiratory distress, 
most commonly following a road traffic accident (RTA). 
When a patient is presented with dyspnoea and a 
history of trauma, the clinician has a limited list of 
possible differential diagnoses. Specifically, dyspnoea 
in trauma patients is usually associated with pneumo- 
thorax, pulmonary contusions, haemothorax, rib frac- 
tures or diaphragmatic hernia, occurring alone or in 
any combination. 


Pneumothorax 

Pneumothorax is the most common result of blunt 
trauma to the chest. It is caused by leakage of air 
from the parenchyma or airways into the pleural 
space, resulting in atelectasis or collapse of the 
lung lobes (Figure 7.39). Many trauma patients have 
a small air leak that quickly seals over and may 
not lead to clinical signs. Where clinical signs of 
dyspnoea are absent and pneumothorax is an inci- 
dental finding on a screening radiograph, it is not 
necessary to remove the air which will be gradually 
absorbed by the body. At the other end of the spec- 
trum, tension pneumothorax is a serious condition 
in which a large pulmonary leak acts as a ball-valve, 
allowing air to enter the pleural cavity with each in- 
spiration, but preventing air from leaving during 
expiration. This results in progressively increasing 
interpleural pressure, resulting in further compres- 
sion of the lungs and a mediastinal shift away from 
the pneumothorax. 


A Pit Bull Terrier after sustaining blunt 
E vehicular trauma to the chest. A pneumothorax 


can be diagnosed on this lateral thoracic radiograph by 
elevation of the cardiac silhouette off the sternum and 
collapse and retraction of the lung lobes. 
Thoracocentesis resulted in removal of 1500 ml of air. 
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Animals with pneumothorax present with varying 
degrees of dyspnoea depending on the amount of air 
that has leaked into the pleural cavity. Physical ex- 
amination findings include a rapid shallow respiratory 
rate, orthopnoea, pale, pink or cyanotic mucous 
membranes and diminished dorsal lung sounds. Con- 
current signs of hypovolaemic shock (tachycardia, 
poor pulse quality or bounding pulses and delayed or 
rapid capillary refill time) are common. These may be 
caused by haemorrhage or by obstruction of venous 
return to the heart due to the increased interpleural 
pressure exerted by a tension pneumothorax. 

Because pneumothorax is a common finding fol- 
lowing an RTA, the first priority for stabilization of any 
dyspnoeic trauma patient with dull lung sounds is to 
perform thoracocentesis, even before radiographs are 
obtained. Most traumatic pneumothorax patients re- 
quire thoracocentesis once or twice at presentation, 
and because the leak seals spontaneously, do not re- 
quire further treatment for this problem. Some ani- 
mals have a significant leak of air that continues after 
the initial thoracocentesis and, although they may 
show a good initial clinical response, they can become 
dyspnoeic again within minutes or hours of the pro- 
cedure, necessitating repeated thoracocenteses. If 
needle thoracocentesis is required on more than two 
occasions; if the volumes obtained each time are large; 
or if the clinician fails to reach a negative pressure 
end-point of thoracocentesis (probable tension pneu- 
mothorax), placement of chest tubes is indicated. If 
considerable volumes of air are leaking into the pleu- 
ral cavity, management may be facilitated by attach- 
ment of the chest tubes to a water-sealed continuous 
evacuation device. These devices apply a negative 
pressure of 10—15 cmH.0O to the pleural cavity, simu- 
lating normal interpleural pressure, and continuously 
aspirate air from the chest as it leaks from the lungs. 
In most cases, the leak seals within 48 hours, and no 
further treatment is necessary. On rare occasions, if 
the leak fails to seal, exploratory thoracotomy may be 
required to resolve the problem. Ongoing leaks that 
have failed to seal spontaneously may represent tears 
of major airways and are often also accompanied by 
pneumomediastinum or subcutaneous emphysema. 


Pulmonary contusions 

Pulmonary contusions are the second most common 
cause of dyspnoea following blunt thoracic trauma, 
representing haemorrhage into the pulmonary inter- 
stitium and alveoli from ruptured capillaries (Figure 
7.40). These animals are often in hypovolaemic 
(haemorrhagic) shock, combined with respiratory dis- 
tress and increased bronchovesicular sounds or even 
crackles. Even though these patients are usually in 
shock, caution should be exercised when giving intra- 
venous fluids, since fluid loading can worsen the se- 
verity of pulmonary haemorrhage and can cause 
accumulation of oedema in addition to blood. Although 
crackles may sometimes be heard on chest ausculta- 
tion, diuretics are contraindicated in the presence of 
shock. Diuretics do not prevent further haemorrhage 
into the pulmonary parenchyma nor promote reabsorp- 
tion of erythrocytes from the lung. Rather, by causing 
diuresis, they may exacerbate hypovolaemia. 
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Lateral and ventrodorsal thoracic radiographs 

of an 11-month-old Basset Hound after 
sustaining blunt trauma to the chest. A chest tube has 
been placed in the right side of the chest. Pulmonary 
contusions are evident in the left lung lobes and several 
ribs are fractured on that side. A small amount of air 
remains in the right side of the chest and subcutaneous 
emphysema is also present on that side 


Pulmonary contusions should be treated by 
cautious fluid therapy and supportive care (oxygen 
supplementation) until the lungs have a chance to 
reabsorb the blood. In severe cases, PPV and/or 
PEEP may be required to support oxygenation. If 
pulmonary function deteriorates following fluid 
therapy, but the cardiovascular system has stabi- 
lized, it is likely that pulmonary oedema is present, 
superimposed on the haemorrhage. In this event, 
judicious use of furosemide can be helpful to resolve 
the oedema. 

Bacterial pneumonia is an uncommon complica- 
tion of pulmonary contusions, and prophylactic anti- 
biotic therapy is not recommended. Prophylactic 
antibiotics result in selection for resistant bacterial 
populations and may not change the incidence of 
pneumonia. Instead, the patient should be monitored 
for signs that pneumonia has developed: a produc- 
tive cough, fever or failure of dyspnoea to resolve 
within 48-72 hours. If pneumonia occurs, a tracheal 
wash with culture and sensitivity testing, followed by 
appropriate antibiotic therapy, nebulization and 
coupage are recommended. 


Haemothorax 

Serious haemothorax (haemorrhage into the pleural 
cavity) is an uncommon complication of thoracic 
trauma. Dull ventral lung sounds may be evident, as 
well as decreased heart sounds. Patients with signifi- 
cant haemothorax have usually sustained massive 
trauma to the chest cavity, and other problems, in- 
cluding fractured ribs and pulmonary contusions, 
should be suspected. If the amount of pleural haem- 
orrhage is small and respiratory distress is believed 
to be due to other causes such as pulmonary contu- 
sions, the pleural blood should not be removed. Mini- 
mal invasion of the chest prevents disruption of any 
clots that have formed and also allows reabsorption 
of erythrocytes and gradual ‘autotransfusion’. If the 
animal has significant respiratory compromise be- 
cause of blood in the pleural space, then thoracocen- 
tesis should be performed. In the most severe cases 
of haemothorax, an emergency thoracotomy may be 
required to identify and ligate a bleeding vessel. 


Rib fractures and flail chest 
Rib fractures are another common sequela of blunt 
thoracic trauma and are commonly accompanied by 
pulmonary contusions. Fracture of one or several ribs 
(see Figure 7.40) does not usually require any spe- 
cific treatment other than rest, pain management and 
oxygen supplementation. If several ribs are each frac- 
tured in more than one place, a flail chest segment 
can occur. The flail segment is not stabilized by at- 
tachment to the spine or sternum and can be observed 
moving paradoxically relative to the rest of the chest 
wall during respiration. During inspiration, when the 
rest of the chest is moving outward, the flail segment 
is pulled inward by the negative intrapleural pressure. 
Small to moderate-sized sections of flail chest 
should be managed medically, with oxygen supple- 
mentation and analgesia as needed. Dyspnoea in 
these patients is thought to be primarily caused by 
concurrent pulmonary contusions. Large flail chest 
segments can contribute to dyspnoea by preventing 
effective movement of the chest wall, resulting in hypo- 
ventilation. Placing the animal with the affected side 
down can help stabilize the segment and promote 
better ventilation. Large flail segments may require 
surgical stabilization, and some of these animals re- 
quire postoperative mechanical ventilation if severe 
pulmonary contusions are also present. 


Diaphragmatic hernia 

Animals that have sustained trauma may also develop 
a diaphragmatic hernia: rupture of the diaphragm with 
penetration of abdominal contents into the thoracic 
cavity. A variety of organs may be involved in the her- 
nia, including liver, spleen, stomach, omentum and 
intestines (Figure 7.41). Dyspnoea is caused by the 
physical presence of these organs, as well as the 
accumulation of pleural fluid due to inflammation and 
occlusion of venous return from the viscera. Vascular 
compromise associated with strangulation may cause 
tissue necrosis, further compromising organ and pul- 
monary function. Acute onset of respiratory distress 
may occur if the stomach herniates and becomes 
bloated with gas due to occlusion of the cardia. The 
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A dog that presented in acute respiratory 
7.41 
distress several months after sustaining blunt 


vehicular trauma to the chest. On this lateral thoracic 
radiograph, the diaphragm cannot be visualized and 
abdominal organs, including liver, stomach and loops 
of bowel, can be seen in the thoracic cavity, indicating 
that there is a diaphragmatic hernia. This dog 
underwent an emergency thoracotomy to repair his 
diaphragmatic hernia 


size of the stomach can increase rapidly due to gas 
distension. This represents an immediate surgical 
emergency and the gas distension of the stomach 
should be relieved by trocharization while the animal 
is being prepared for surgery. 

Diagnosis of diaphragmatic hernia is suggested 
by clinical findings including diminished lung sounds 
or auscultation of bowel sounds in the thorax. Some 
patients may also have signs of dysfunction of the 
displaced organs such as vomiting or icterus. The di- 
agnosis should be confirmed by plain radiography or 
by administration of contrast media. If the stomach or 
intestines are in the chest, they can be easily outlined 
by a small amount of oral barium. Other techniques, 
including positional lateral beam radiography or ultra- 
sonography, can also provide valuable information. 

Diaphragmatic hernias should be repaired surgically 
as soon as possible. Some patients with diaphragmatic 
hernia do not have clinical evidence of respiratory dis- 
tress at the time of trauma and may present years later 
with their first signs of respiratory compromise. Animals 
with chronic diaphragmatic hernias may be extremely 
difficult to treat surgically because of the presence of 
adhesions and the high likelihood of postoperative re- 
expansion pulmonary oedema. Thus, early diagnosis 
and surgical treatment is essential for animals with this 
problem, even if clinical signs are not initially evident. 
Thoracic radiography is therefore recommended in all 
cases of trauma to rule out the presence of an occult 
diaphragmatic hernia. 


Smoke inhalation 

Animals that present after exposure to smoke from 
house fires can have varying degrees of respiratory 
difficulty. Damage is caused by direct thermal injury 
and by inhalation of noxious substances produced by 
combustion. The gases produced in the largest 
amounts during combustion are carbon monoxide, 
hydrogen cyanide and carbon dioxide. All three of 
these gases, combined with low concentrations of 
oxygen, can cause narcosis. They combine very 
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rapidly with haemoglobin, diminishing its availability 
and effectiveness for oxygen transfer. Animals that 
have been exposed to smoke in fires should be im- 
mediately treated with a high inspired concentration 
of oxygen to attempt to displace these gases from 
haemoglobin. Oxygen therapy should be continued 
for at least an hour. Other gases produced by com- 
bustion vary depending on the materials that have 
burned and some can be extremely toxic. 

The upper airway can become so inflamed and 
oedematous from thermal burns that obstruction can 
occur. Patients should be monitored for signs of 
laryngeal or upper airway obstruction, and tracheo- 
stomy or intubation performed if necessary. Airway 
damage often includes severe necrotizing tracheo- 
bronchitis, which is accompanied by exudate and 
cough. Bacterial pneumonia is a common sequela due 
to damaged lung defences and proliferation of bacte- 
rial pathogens. In worst-case scenarios, diffuse inflam- 
matory damage to the lung may be recognized, 
manifesting as generalized acute lung injury that can 
progress to ARDS. 

Treatment of smoke inhalation should consist of 
oxygen supplementation, saline nebulization and 
coupage to promote clearance of material from the 
airways, bronchodilators and supportive care. Cortico- 
steroids are not recommended in these patients 
because they are already immunosuppressed. Pro- 
phylactic antibiotics should be avoided, as their use 
prior to the development of pneumonia will only 
select for resistant bacteria. As with all patients at risk 
for pneumonia, careful monitoring for signs of pneu- 
monia should be followed by a tracheal wash for 
cytology, culture and sensitivity testing before start- 
ing antibiotic therapy. 

Animals that are caught in fires may suffer skin burns 
as well as lung injury. Particular attention should be 
given to the corneas and oronasal mucosa. The cor- 
neas should be stained with fluorescein, and ulcera- 
tion treated if present. Patients with skin burns suffer 
from profound fluid and protein loss and are among 
the most critically ill animals, with potential for rapid 
development of multiple organ dysfunction or failure. 


Selected infectious and parasitic disease 
syndromes 


Infectious tracheobronchitis (‘kennel cough’) 

Kennel cough is a syndrome of acute infectious tra- 
cheobronchitis in dogs, caused by infection with a 
number of different organisms, of which the most clini- 
cally important is Bordetella bronchiseptica. Other bac- 
teria, such as Streptococcus, Staphylococcus and 
Klebsiella, have also been implicated. The most com- 
mon viruses include canine parainfluenza virus, 
canine adenovirus-1 and -2, canine distemper virus, 
canine herpesvirus and reoviruses-1, -2 and -3. The 
typical history involves exposure to a coughing dog. 
After an incubation period of 2-7 days, affected dogs 
develop an acute hacking cough. Although the cough 
can be distressing to the owner, typically these dogs 
are otherwise systemically healthy, active, eating nor- 
mally and afebrile. In dogs with an acute onset of cough 
associated with concurrent dyspnoea, systemic illness 
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or depression, alternative diagnoses (including pneu- 
monia secondary to Bordetella bronchiseptica) should 
be considered. 

Bordetella bronchiseptica is specially adapted to 
infect the ciliated epithelium of the upper respiratory 
tract, attaching via fimbriae to the cilia of the 
mucociliary escalator. It secretes exotoxins that cause 
paralysis of the cilia, thereby eliminating one of the 
most important lung defence mechanisms, allowing 
the organism to persist in the airway for a prolonged 
period of time. Infectious tracheobronchitis is associ- 
ated with acute inflammation of the upper airways, 
and increased production of thick, viscous mucus. 

Antibiotics used to treat infectious tracheobronchi- 
tis should be effective against Bordetella, and 
should achieve adequate penetration through the 
blood—bronchus barrier into the mucus lining the bron- 
chi. In adult dogs, good choices include doxycycline 
or fluoroquinolones. In puppies, azithromycin or doxy- 
cycline should be considered. Antitussive, expector- 
ant and anti-inflammatory drugs may also contribute 
to the comfort of the patient and the client. Care should 
be taken not to over-use corticosteroids, however, 
because of the infectious nature of the disease. 

Parenteral and nasal vaccines are available for 
prevention of infection, but are typically not used in 
animals already showing clinical signs. Vaccines may 
not completely prevent clinical illness; however the 
severity of disease is likely to be considerably less 
in vaccinated dogs. Importantly, the duration of 
protection following vaccination is relatively short, 
and for continued protection dogs should be vacci- 
nated every 3—4 months. Typically, vaccines are 
administered prior to anticipated exposure, for ex- 
ample prior to boarding. 


Feline viral upper respiratory tract disease 

Viral upper respiratory disease is a common cause of 
nasal and ocular discharge, sneezing, fever and de- 
bilitation in cats. Feline calicivirus and feline herpes- 
virus (feline rhinotracheitis) are the most common 
viruses involved. Following exposure, there is an in- 
cubation period of 2—5 days. Calicivirus infection usu- 
ally manifests by acute onset of lethargy and fever, 
typically followed by mild hypersalivation, sneezing, 
conjunctivitis and oculonasal discharge. Ulcers are 
often evident on the tongue and soft palate. The cat 
usually recovers in 7—10 days. In contrast, feline her- 
pesvirus often causes more severe illness with fever, 
profound serous to mucopurulent oculonasal dis- 
charge and excessive salivation. Severely affected 
cats may also have coughing and dyspnoea because 
of viral pneumonia. Clinical signs usually resolve in 
2-3 weeks, although in some cases nasal turbinate 
damage can be so severe that the cat is prone to bac- 
terial upper respiratory tract infections over a pro- 
longed period of time. Following recovery from acute 
infection with herpesvirus, clinically normal cats may 
remain persistently infected and act as carriers that 
continuously or intermittently shed virus. 

Most cats that are experiencing an acute viral up- 
per respiratory infection respond well to supportive care 
and antibiotic therapy to treat secondary bacterial in- 
fections. In cats with severe oral ulceration or difficulty 


swallowing, broad-spectrum antibiotic therapy may 
need to be administered parenterally rather than orally. 
Nutritional support is important; food may need to be 
heated in order to increase its palatability, and some 
severely affected cats may require tube feeding (see 
Chapter 23). Nursing care should include careful clean- 
ing of discharges from the face. Antiviral drugs are usu- 
ally unnecessary. Minimal data are available regarding 
the use of non-specific immune stimulants such as fe- 
line interferon. Numerous vaccines are available and 
are routinely used as part of the feline annual vaccina- 
tion strategy, but are generally not used in cats that are 
already showing clinical signs. Although most vaccines 
confer good protection against clinical signs of disease, 
they do not prevent infection and the subsequent de- 
velopment of a carrier state. 


Lungworms 
A variety of parasitic nematodes can cause clinical 
signs of respiratory disease including coughing and 
dyspnoea. Angiostrongylus vasorum (French heart- 
worm) is a metastrongylid nematode; the adult worm 
lives in the pulmonary arterioles. It can cause both 
respiratory signs, which may be severe, and a 
coagulopathy, and occurs most commonly in young 
dogs throughout the south of England. Oslerus osleri 
is found in small nodules on the mucosa of the tra- 
cheal bifurcation and bronchi of dogs, and usually 
causes chronic coughing, but occasionally can cause 
dyspnoea due to airway obstruction. Ae/urostrongylus 
abstrusus primarily infects cats, is found in the termi- 
nal bronchioles and alveoli, and causes bronchiolitis 
and pneumonia. Filaroides hirthi and Crenosoma 
vulpis are found in the lower airways of dogs, and 
cause bronchitis and eosinophilic or granulomatous 
pneumonia. Both dogs and cats can be infected with 
Capillaria aerophila, which lives in coiled masses 
embedded in the tracheal and bronchial mucosa and 
causes chronic coughing or pneumonia. Occasion- 
ally, dogs and cats heavily infested with ascarids may 
have respiratory signs associated with lung migration. 
Clinical signs in dogs and cats with lungworms typi- 
cally include chronic coughing, but may include dys- 
pnoea and fever in severe cases. Radiographic signs 
are generally non-specific although a peripheral 
alveolar—interstitial pattern has been reported with 
Angiostrongylus vasorum infection and mucosal nod- 
ules are occasionally visible radiographically in dogs 
with Oslerus osleri. As the life cycle of most of the 
parasites involves production of first-stage larvae in 
the lung that are expectorated into the mouth and 
swallowed, diagnosis is achieved by identifying the 
larvae in faeces (Baermann technique or direct 
smear). Larvae may also be identified in lung wash 
samples along with neutrophilic or eosinophilic inflam- 
mation. With Os/erus osleri the nodules and adult 
parasites may be directly visualized at the time of bron- 
choscopy. Although some parasites, such as Os/erus 
osleri and Filaroides hirthi, are directly transmitted, 
most other lungworms require a paratenic host such 
as a slug, snail or earthworm. Treatment of lungworms 
typically involves the use of fenbendazole, milbemycin 
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or ivermectin. Fenbendazole should be administered 
for a minimum of 14 days, and as long as 20 days in 
cats with Ae/lurostrongylus abstrusus. 
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Renal and urinary tract 
emergencies 


Karol A. Mathews 


Introduction 


Renal emergencies may primarily involve the kidneys 
(Figure 8.1), or be secondary to prerenal (Figure 8.2) 
or postrenal (Figure 8.3) disease. Similarly, lower uri- 
nary tract pathology may be primary, or secondary to 
other initiating factors. A thorough history, physical 
examination and laboratory information are required 
to diagnose renal dysfunction or disease, and in many 


Shock 
Diabetes inspidus (central or renal, e.g. endotoxin) 
Diabetes mellitus 


cb Examples of renal emergencies caused by Z Examples of renal emergencies due to 
primary renal disease. prerenal disease. 
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Herniated bladder 

Ruptured/avulsed ureters 
Ruptured/avulsed urethra 
Post-traumatic scarring of ureters or urethra 
Bladder or urethral haematoma 

latrogenic ligation of ureters or urethra 


i 


Neoplasia (extra- or intraluminal or intramural) 
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ii 
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i 


Examples of renal emergencies due to 
postrenal disease. 


instances diagnostic imaging is necessary to diagnose 
lower urinary tract injuries or disease accurately. Re- 
nal biopsy is required for definitive diagnosis of most 
renal diseases, although it is rarely performed. Atten- 
tion to these diagnostic details should help prevent 
misdiagnosis and inappropriate prognostication, which 
may lead to incorrect therapy or euthanasia. 

Questions to the owner should include those 
pertaining to prerenal, renal and postrenal causes of 
azotaemia: 


+ Voiding behaviour and frequency 

* Urine volume and colour 

+ Water consumption 

* Overall activity 

+ Appetite 

* Vomiting and diarrhoea 

* Trauma (within past 7 days) 

* Medications, including over-the-counter non- 
steroidal anti-inflammatory drugs (NSAIDs) 
Access to toxins and owner medication 

* Acuity of onset of signs 

+ Previous history of renal or urinary tract disease, 
cardiac or other system disease 

+ Recent anaesthesia (surgical, dental or 
diagnostic procedures) 

* Travel history. 


The physical examination should include evaluation 


Hydration status 

Mucous membrane colour and capillary refill time 
Heart and respiratory rates 

Pulse pressure 

Jugular vein distension 

Presence of pleural or abdominal effusions 
Abdominal palpation to assess kidney, uterus, 
prostate size, abdominal masses, fluid 
(intraperitoneal or subcutaneous) or pain 
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Body temperature 

Penis (crepitus, lacerations), prepuce 
(haemorrhage), scrotum or vulva 

Perineum (cellulitis, bruising) and anus 
Rectal examination, especially in males and 
where pelvic injury is present 

Hind limbs for swelling, cellulitis 

Overall examination to rule out trauma, 
especially abdominal and pelvic, and to check 
for enlargement of peripheral lymph nodes. 


Based on the history and physical findings, imme- 
diate and appropriate testing should be performed to 
evaluate and treat imminently life-threatening prob- 
lems (trauma and haemorrhage, hyperkalaemia, se- 
vere metabolic acidosis or dehydration). 


Azotaemia 


Definition of terms and concepts related 
to azotaemia 

Azotaemia is defined as an abnormal concentration 
of urea, creatinine and other nitrogenous substances 
in blood, and is a laboratory diagnosis. Both urea and 
creatinine may be increased due to diminished elimi- 
nation by the kidneys and/or the lower urinary tract. A 
high urea may also occur due to increased produc- 
tion of urea by the liver secondary to gastrointestinal 
haemorrhage or a high-protein meal, starvation, fever 
or dehydration. A low urea may be seen with liver 
insufficiency/failure and following administration of 
anabolic steroids. Creatinine may be elevated by 
increased muscle mass or decreased due to muscle 
wasting. Azotaemia may be transient and therefore 
does not always imply renal disease, renal failure or 
insufficiency. Commonly used formulae related to re- 
nal function are shown in Figure 8.4. 


| 8.4 | Commonly used formulae. 
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The term uraemia is used when azotaemia is as- 
sociated with metabolic and physiological alterations, 
including depression, anorexia, nausea, vomiting, diar- 
rhoea, melaena, dehydration, stupor, coma or sei- 
zures. These occur due to the polysystemic toxic 
syndrome that results from abnormal renal function. 
For uraemia to develop, the function of both kidneys 
must be reduced by at least 75%. Uraemia may oc- 
cur in animals with primary renal failure/insufficiency 
or pre- or postrenal disorders, and may be reversible 
or irreversible. 

Renal disease is not always associated with renal 
failure, insufficiency or azotaemia and may regress, 
persist or increase in severity. Renal disease has many 
aetiologies and may involve the glomeruli, tubules, in- 
terstitial tissue, blood vessels, or a combination of these. 

The terms renal failure and renal insufficiency de- 
scribe failure of the kidney to concentrate or dilute 
urine, or to eliminate the products of metabolism ap- 
propriately, resulting in azotaemia. Inability to concen- 
trate or dilute the urine usually occurs when there has 
been approximately a 66% reduction in renal function, 
whereas recognizable failure to eliminate products 
of metabolism occurs following 66-75% reduction in 
renal function. As an early indicator, when the creati- 
nine value of a well hydrated animal lies in the upper 
end of the normal range, this may be consistent with 
a 50% or greater reduction in renal function. 

Whenever possible, a urine sample should be ob- 
tained prior to fluid therapy in order to assess the con- 
centrating ability of the kidneys. The urine specific 
gravity is helpful in localizing the cause of azotaemia 
(Figure 8.5). Dehydrated azotaemic patients with urine 
specific gravity >1.030 (in dogs) and >1.045 (in cats) 


are most likely to have prerenal azotaemia. Some cats 
can effectively concentrate their urine despite signifi- 
cant reduction in renal function; therefore concentrated 
urine in cats may not exclude intrinsic renal failure. 
Azotaemic dehydrated animals that cannot con- 
centrate urine may be receiving medication (e.g. furo- 
semide, corticosteroids) or have an illness (e.g. 
hypoadrenocorticism, diabetes mellitus, hypercal- 
caemia, bacterial cystitis) that interferes with urine- 
concentrating ability, and therefore they also may not 
have intrinsic renal dysfunction. Cystitis caused by 
Escherichia coli (and possibly other bacteria) can 
cause a profound polyuria resulting in dehydration, 
without other typical signs of cystitis. 

The packed cell volume and plasma total protein 
in prerenal azotaemia tend to be increased above 
normal, unless blood loss or anaemia is present. 
Response to intravenous fluid therapy usually distin- 
guishes between prerenal and renal azotaemia. Post- 
renal azotaemia, due to partial or total urinary tract 
obstruction, is diagnosed based on history and physical 
examination (discussed later) and may be associated 
with pollakiuria, dysuria or stranguria. With pre- and 
postrenal disease or injury excluded, a presumptive 
diagnosis of renal failure can be made when azotae- 
mia is associated with isosthenuria (urine specific 
gravity <1.025 or more commonly 1.008—1.015). Pri- 
mary renal failure is confirmed once diseases or drugs 
that can affect the kidney's ability to concentrate urine 
have been ruled out. 


Patient assessment 
The diagnostic tests and treatment for renal or uri- 
nary tract emergencies are based on the underlying 


TI Differentiation of prerenal and postrenal azotaemia and parenchymal acute renal failure based on urine 
analysis. All or individual components of the urine sediment may be present depending on severity, the time 


from onset of renal injury to presentation and aetiology. 
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problem as discussed below. Patient monitoring is 
similar in most instances and is outlined at the end of 
this chapter. 


Emergency minimum database 
See Figure 8.6. 


* Serum creatinine and urea, plasma glucose, 
phosphorus, calcium, electrolytes, packed cell 
volume (PCV) and total protein (TP), total 
carbon dioxide or venous blood gases. Note 
that urea (or blood urea nitrogen (BUN)) is not 
a reliable definitive test for renal assessment 
as outlined above; however it is a good 
screening test. 

+ Measured serum osmolality if ethylene glycol or 
salicylate intoxication is suspected. 

* Urine specific gravity, sediment, protein, 
glucose, urine culture and sensitivity. 

* Cytology, urea, creatinine, PCV and TP of 
abdominal fluid if present. 

+ Abdominal and pelvic radiographs + abdominal 
ultrasonography + contrast studies. 

+ Arterial and central venous blood pressure 
monitoring. 


Additional diagnostic testing 


* Complete biochemical profile and complete 
blood count. 
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* Urine protein:creatinine ratio if indicated. 

Urine electrolytes and creatinine if indicated for 
lesion localization. 

* Serology if indicated (e.g. Leptospira, Borrelia). 
* Renal biopsy if indicated. 


Urine output 

Assessment of urine production is one of the most 
important tools for immediate monitoring of renal 
function in critical patients. Normal urine production 
is 1-2 ml/kg/h but may be reduced in dehydrated 
animals, and should be expected to be higher in ani- 
mals receiving large volumes of intravenous fluids. 
In all emergency situations, the volume of urine within 
the bladder should be assessed immediately by ab- 
dominal palpation, abdominal radiography or ultra- 
sonography, urinary bladder catheterization or 
voiding. Wherever possible, a urine sample should 
be obtained for laboratory analysis prior to institu- 
tion of therapy, via urinary bladder catheterization 
(Figure 8.7), cystocentesis (Figures 8.8 and 8.9) or 
a voided sample. If culture and sensitivity testing are 
warranted, a sample obtained via cystocentesis is 
recommended. Injury to the urinary system may in- 
terfere with urine output. As various problems unre- 
lated to renal function may impair spontaneous 
voiding, the urinary bladder may require catheteri- 
zation, palpation or imaging to assess whether urine 
is being produced over time. 


Database, electrolyte and blood gas findings in prerenal, renal and postrenal azotaemia. * Assuming blood 
loss or anaemia of systemic illness, including chronic renal failure, is not present. ° ADH release due to 
ineffective circulating volume. 


The technique of urethral catheterization varies between the sexes and between dogs and cats. Most male dogs can be catheterized without 
catheterization techniques 


chemical restraint but bitches and cats, especially males, usually require sedation or anaesthesia. Urethral 


well reviewed by Holt (1994). 


have been 


available for the urethral catheterization of small animals. The majority of catheters are manufactured from 
of the 


bladder. Silicone has certain advantages for the patient, including softness, flexibility and biological inertness. These allow for atraumatic 


placement, minimal epithelial irritation and long-term patient comfort. 


Urethral catheters for use in cats are generally sized between 3 and 4 French (Fr). Catheters for use in small dogs are usually 


sized between 3 and 


5 Fr and catheters for use in medium to large/giant-sized dogs are usually between 8 (male and female) and 10-12 Fr (female). A number of 
urethral catheters are specifically designed to be used as indwelling catheters. Catheters manufactured from silicone or other soft materials may 


require a wire guide stylet to assist their introduction. Narrow 


gauge paediatric 
require a stylet and are easily placed. In bitches, Fali Oui: ont ha ainail ng Seeding ahaire 


ei pnt echo eel ng do not 
. Their placement typically uses a nylon 


me eso ei es wera and is removed following insertion. Longer Foley catheters for male dogs are now available. Some 


urethral catheters have a detachable Luer lock fitting, allowing them to be trimmed to any length. This is of considerable use when these catheters 
are used as indwelling systems. è 
Catheterization of the urethra and urinary bladder. (continues) > 
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advantage of preventing retrograde flow of urine and consequently reducing urinary bladder infection. If these valves are not present in the 
collection system, unless the line is clamped, the urine collection bag should not be raised above the animal, which would allow retrograde 


1. Clean the prepuce of all debris and discharge with chlorhexidine soap and rinse with warm water. 

2. Asan estimate of the length of catheter to be inserted into the urinary bladder, premeasure the catheter from the prepuce along the course of 
the urethra, around the ischial arch and to the approximate level of the mid-urinary bladder, while avoiding contamination of the catheter. If a 
paediatric feeding tube is used, coil this length of the catheter into the palm of the sterile-gloved hand. This will give the operator an idea of the 
length of catheter to be inserted and avoid the potential of extra length being inserted and potential ‘looping’ within the lumen of the bladder. 

3. Grasp the caudal os penis with one hand and retract the prepuce caudally with the other hand, exposing the glans penis. Aseptic handling and 
placement of the catheter is facilitated if an assistant is available who can perform this part of the procedure. 

4. One of the fingers of the hand grasping the os penis is used to keep the prepuce retracted and the glans exposed. 

5. The catheter to be inserted should be lubricated with sterile water-soluble jelly. 

The catheter is then inserted into the urethra under aseptic conditions (either by wearing a sterile glove or by handling the catheter through its 

Sterile polythene bag). 

7. Once the catheter is inserted to the level of the caudal os penis, the grip of the hand holding the penis is relaxed allowing further unobstructed 

passage of the catheter. 

As soon as the catheter tip enters the bladder and urine appears in the catheter hub, pass an additional 2 cm to ensure adequate length 

beyond the trigone. 

The catheter may be sutured to the cranial preputial skin using butterfly tapes or the Chinese finger trap technique, and maintained as an 

indwelling catheter. 

10. An Elizabethan collar should be fitted initially to prevent self-removal of the catheter, however this can often be removed based on the 
individual's tolerance of the catheter. 


1. The dog is positioned in sternal recumbency with hind limbs draped over the edge of the table or in lateral recumbency (right lateral 
recumbency if right handed, left lateral recumbency if left handed), and the vulva is cleaned with chlorhexidine soap and rinsed with 
warm water. 


2. Sterile lidocaine jelly contained within a ‘syringe-like cartridge’ can be introduced into the vulva and 2 mg/kg deposited into the vaginal vault to 
confer local anaesthesia. The vulva is held closed for 5 minutes prior to catheter placement. 


3. A vaginal speculum is inserted into the vestibule/vagina taking care not to enter the ventrally placed clitoral fossa. 
The slit of the speculum is positioned ventrally allowing the raised external urethral orifice to be identified on the floor of the cranial vestibule. 
Visualization of the external urethral orifice is often made easier if an assistant pulls the ventral vulva caudally. 


If a vaginal speculum is not available, the catheter can be inserted blindly using digital palpation of the urethral papilla. While sterile gloves are 
recommended, they are not necessary if the hands have been washed three times with chlorhexidine soap, with the final soap suds remaining 
on the hands. Sterile water lubricant is placed on the catheter and the index finger of the non-dominant hand. The non-dominant index (or 
smaller) finger, depending on the size of the animal, is placed into the vestibule and while gently applying pressure to its floor, is moved 
cranially. The urethral papilla is palpated as a slight ‘bulge’ of mucosa. While applying gentle pressure over the papilla, the catheter is fed 
under the finger and guided into the urethra. The catheter is then sensed to ‘disappear’ into the urethra. Should the catheter be palpated high 
within the vagina, then urethral catheterization was unsuccessful. Residue of soap is rinsed off with warm water. 


The catheter is inserted into the urethra in an aseptic manner (when using soft rubber or silicone catheters it may be advantageous to stiffen 
the catheter with a stylet) until urine is seen. If a Foley catheter is used, the full length of the catheter is placed into the bladder, then the 
balloon is inflated with the recommended volume of sterile saline, and the catheter is gently pulled back out until resistance is felt. Complete 
insertion is required to avoid inflating the balloon within the urethra. 

7. The non-Foley catheter may be sutured to the perivulval skin using butterfly tapes, and maintained as an indwelling catheter. 

8. An Elizabethan collar should be fitted to prevent self-removal of the catheter if necessary. 


ad 
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A Jackson tom cat catheter or a 3.5 Fr paediatric feeding tube may be used as a urinary catheter. 

The cat is positioned in lateral recumbency and the prepuce is cleaned with chlorhexidine soap and rinsed with warm water. 

For right-handed operators, the thumb and index finger of the left hand are used to push the prepuce cranially and expose the glans penis. 
The tip of the catheter is inserted into the penile urethra (lubrication of the catheter tip with a water-soluble lubricant may prove advantageous). 


To allow the safe advancement of the catheter, the prepuce is grasped with the left hand and pulled in a caudal direction (this aligns the penile 
and membranous urethrae, making further catheter passage possible). 


As soon as the catheter tip enters the bladder and urine appears in the catheter hub, insert the catheter 1 cm further. 


7. When the Jackson's catheter is used, it may be sutured to the preputial skin using the holes in the catheter flange, and maintained as an 
indwelling catheter for short periods. Softer catheters are recommended for long-term catheterization. 


8. An Elizabethan collar should be fitted to prevent self-removal of the catheter. 


Oren s 
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The anatomy of the queen is such that the external urethral orifice is found as a depression on the vaginal floor. This anatomical situation allows 
‘blind’ urethral catheterization. A 3.5 Fr paediatric feeding tube is preferred. If ‘blind’ catheterization fails, an otoscope may be used as a 
vaginoscope to identify the external urethral orifice, allowing urethral catheterization. 


For the right-handed operator, the cat is positioned in right lateral recumbency. 
The left hand is used to grasp the vulval lips, allowing the right hand to pass the catheter along the vestibular floor in the midline. 


As soon as the catheter tip enters the bladder and urine appears in the catheter hub, continue to advance the catheter another 1 cm. 


1 
2. 
3. This passage of the catheter will commonly result in entrance to the urethra. 
4 
5 


When a Jackson's catheter is used, it may be sutured to the vulval skin using the holes in the catheter flange, and maintained as an indwelling 
catheter for short periods. Softer catheters are recommended for long-term catheterization. 


6. An Elizabethan collar should be fitted to prevent self-removal of the catheter. 


(continued) Catheterization of the urethra and urinary bladder 


Cystocentesis allows a urine sample to be obtained without 
contamination from the urethra, the genital tract or the skin. It 
reduces the risk of producing an iatrogenic urinary tract infection 
that may occur with urinary catheterization. Cystocentesis may also 
be required to decompress a severely over-distended bladder in 
patients with urethral obstruction when urethral catheterization is 
not possible. For cystocentesis, the bladder must contain a 
reasonable volume of urine such that it can be safely identified and 
immobilized. If a small volume of urine is present, the bladder is 
difficult to palpate or the animal is obese, ultrasonography may be 
used to help guide the needle into the bladder. 


1. The skin of the caudoventral abdomen is clipped if required and 
prepared aseptically. 

2. In the cat and small dog, the technique is most readily 
performed with the animal in either lateral or dorsal 
recumbency. 


3. In larger dogs, the procedure may be performed with the 
animal in either lateral recumbency or standing. 


In all instances, an assistant is required to restrain the subject. 


The operator's free hand is used to palpate and stabilize the 
bladder by pushing it in a caudal direction against the pelvic 
brim. 

6. The needle (22 or 23 gauge, 25-50 mm (1-2 inches) in length) 
is attached to a 5 or 10 ml syringe and inserted through the 
abdominal wall, on the midline, just in front of the pelvic brim. 


7. The ideal site of bladder penetration is a short distance cranial 
to the junction of the bladder with the urethra (this will permit 
removal of urine and decompression of the bladder without the 
need for re-insertion of the needle into the bladder lumen). 


8. The needle is inserted in a caudal direction at a 45-degree 
angle. Once the needle has penetrated the abdominal wall 
slight negative pressure should be applied to the syringe. 


9. Alternatively, in standing dogs, the operator can obtain the 
sample from the right side (to avoid penetrating the descending 
colon), while gently stabilizing and pushing the bladder from the 
left side towards the right side of the caudal abdomen (Figure 
8.9a). 


10. Once the bladder lumen is penetrated, urine will be seen filling 
the syringe. 

11. When only a small volume of urine is present, the animal is 
placed in dorsal recumbency and a 22 gauge 25-50 mm 
(1-2 inch) needle on a syringe is placed into the midline of the 
caudal abdomen between the two caudal mammary glands in 
bitches and cats, and at the same level slightly lateral to the 
penis in male dogs (Figure 8.9b). 


Cystocentesis 


(a) In standing dogs, the operator can obtain 
a urine sample by cystocentesis from the 
right side (to avoid penetrating the descending colon), 
while gently stabilizing and pushing the bladder from 
the left towards the right side of the caudal abdomen 
(b) Alternatively, the animal is placed in dorsal 
recumbency and a 22 gauge, 25-50 mm (1-2 inch) 
needle on a syringe is placed into the midline of the 
caudal abdomen between the two caudal mammary 
glands in bitches and queens, and at the same level 
slightly lateral to the penis in male dogs. (Note: the 
extensive hair clipping in this dog was required for 
ultrasonographic examination of the abdomen, and not 
for cytocentesis.) 
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Approach to oliguria and anuria 


The definition of oliguria is urine production <0.27 ml/ 
kg/h, but if the animal is receiving intravenous fluid 
therapy, <1—2 mli/kg/h may represent oliguria. The 
cause of decreased urine output should be defined, as 
specific therapy depends on aetiology. The history may 
reveal a period of polyuria and polydipsia, or an abrupt 
reduction in urine production (frequently associated with 
postrenal obstruction, see below). Bradycardia, hypo- 
thermia, pale mucous membranes with prolonged cap- 
illary refill time, hyperpnoea and halitosis are evident 
in animals with prolonged anuria, and indicate severe 
metabolic and electrolyte derangements that can 
occur with prerenal, postrenal or primary renal disease. 


Initial treatment 

An intravenous catheter is placed and enough blood 
obtained for an emergency minimum database. Im- 
mediate concerns include: the adequacy of circulating 
blood volume; hypotension; electrolyte imbalance, es- 
pecially hyperkalaemia; metabolic acidosis; and the 
severity of underlying disease. A urine sample should 
be obtained as soon as possible, and ideally prior to 
fluid therapy. Where indicated, a urinary catheter is 
passed to assess urethral patency, facilitate voiding and 
measure urine production. Electrocardiographic moni- 
toring is advised to detect cardiac dysrhythmias asso- 
ciated with hyperkalaemia, primary cardiac disease or 
caused by other metabolic or traumatic disorders. 
Therapeutic suggestions are outlined below under 
the specific problems. Guidelines for fluid therapy are 
described in the section on acute intrinsic renal failure. 


Approach to urine leakage due to 
renal, ureteral, bladder or urethral 
injury 


Renal parenchymal injury may be due to blunt or pene- 
trating trauma, which may involve one or both kidneys. 
Renal injury may cause retroperitoneal haemorrhage, 
haemorrhage into the abdomen or haemorrhage into 
the parenchyma and pelvis of the kidney, with haema- 
turia and obstruction to urine flow by haematoma for- 
mation. Nephroliths may obstruct urine flow from the 
pelvis of the kidney, causing hydronephrosis with pos- 
sible traumatic injury and rupture. If the nephrolith is 
associated with bacterial infection, abscessation and 
rupture may occur, resulting in peritonitis. Ureteral 
obstruction may also occur with similar consequences. 
If one kidney or ureter is involved, the other unit may 
function adequately, resulting in normal serum urea 
and creatinine levels. However, if there is urine leak- 
age into the peritoneal cavity, serum urea and creati- 
nine levels will increase. Bladder or urethral rupture 
may be caused by blunt trauma, erosion of a tumour, 
cystic calculi obstructing urine flow, aggressive pal- 
pation, cystocentesis, especially in patients with a 
compromised bladder wall, or attempts at unblocking 
an obstructed urethra. Injuries or obstruction to any 
part of the urinary tract may also result from calculi, 
abscesses, neoplasia, perineal, inguinal or abdomi- 
nal hernias and iatrogenic injuries. 
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Urinary tract injury should be suspected in all 
trauma patients, with a high level of suspicion in 
patients sustaining abdominal or pelvic injuries. The 
incidence of urinary tract injury associated with pelvic 
trauma was 39% in one study (Selcer, 1982). Gentle 
and thorough palpation of the abdomen and 
sublumbar area should be performed whilst noting 
areas of tenderness, bladder size, abdominal girth, 
evidence of free abdominal fluid and injuries to the 
abdominal wall. Preputial or vulval bleeding, haema- 
turia, dysuria and anuria may also be associated with 
urinary tract injuries. The inguinal region and perineum 
should be monitored carefully for swelling or discol- 
oration associated with urine leakage from a ruptured 
urethra. Repeated physical examination should be 
performed to detect early signs of intra-abdominal in- 
jury. In a study of hospitalized animals only 40% of 
the diagnoses of ruptured bladder were made within 
12 hours after trauma and 22.7% were not diagnosed 
until necropsy (Burrows, 1974). 


Diagnosis 

Diagnosis and localization of urinary tract injury is based 
on history, physical findings and the emergency mini- 
mum database, repeated physical examination and 
diagnostic imaging. Metabolic changes associated with 
urine leakage include increased serum urea and cre- 
atinine, increased serum potassium with reduced se- 
rum sodium and chloride and a gradually increasing 
PCV and white blood cell count. Blood bicarbonate 
and PCO, levels gradually decrease as acidosis wors- 
ens. Should vomiting be significant, a mixed metabolic 
alkalosis and acidosis may be present. 

Urinalysis may be abnormal (see Figure 8.5). When 
haematuria is present, reproductive disease should be 
ruled out in both males and females, and oestrus and 
whelping history in bitches and queens should be 
ascertained. When abdominal distension is noted, or 
urinary leakage or haemorrhage is suspected, abdomi- 
nocentesis should be performed. If the fluid is negative 
for urea nitrogen on a reagent strip, it is not urine. A 
positive finding, however, may or may not indicate urine, 
as false-positive results may occur. For definitive diag- 
nosis, the urea, creatinine and potassium in the fluid 
should be measured. If these values are greater than 
those in a concurrently obtained peripheral blood sam- 
ple, this indicates that the fluid is urine. Blood easily 
obtained on abdominocentesis indicates severe haem- 
orrhage, which may be associated with renal 
parenchymal, blood vessel, hepatic or splenic injuries. 
Injuries associated with urine or haemorrhage that is 
contained within the retroperitoneal space will not be 
detected on abdominocentesis. 

Diagnostic imaging should be performed in all 
highly suspect cases of urinary tract trauma. Abdomi- 
nal radiographs may reveal a loss of detail within 
the abdomen, indicating free fluid, or retroperitoneal 
changes associated with fluid accumulation (mass 
effect with ventral displacement of the colon or 
streaky increased density in the retroperitoneal 
space). Non-visualization, displacement or asymme- 
try of one or both kidneys suggests renal injury. Re- 
duced size or absence of the urinary bladder may 
indicate rupture or avulsion from the urethra, although 


a normal radiographic appearance of the bladder 
does not rule out rupture. Uroliths (excluding ammo- 
nium urate and cystine) may also be visualized within 
the urinary tract. Pelvic radiographs should be per- 
formed to identify fractures. Urethral tears may 
result from laceration by the sharp bone segments 
of pelvic fractures; it is therefore important to evalu- 
ate the pelvis in any patient with a history of trauma 
and uroabdomen or perineal cellulitis. Ultrasono- 
graphic examination of the urinary system may be 
useful in identifying renal pathology, hydroureter, 
uroliths, bladder pathology and urethral dilation and 
obstruction. Excretory urography is required to 
identify injury, obstruction and perfusion of the kid- 
neys and ureters definitively. This should be per- 
formed prior to cystourethrogram if both are being 
considered. If a rupture of the lower urinary tract 
(urinary bladder or urethra) is suspected, a contrast 
cystourethrogram should be performed using iodine- 
based contrast material. Even when a urethral cath- 
eter can be passed easily into the bladder, urethral 
injury may still be present and a urethrogram is rec- 
ommended if there is extensive injury to the pelvic 
region. Contrast urethrography and cystography 
are extremely useful for identifying rupture, with leak- 
age of the contrast agent being evident (see Chap- 
ter 25). Depending on the location of the urethral tear, 
urine may leak into the peritoneal cavity, the peri- 
neal area (perineal urethral tear or rarely, urethral 
avulsion), or the dorsal lumbar subcutaneous tissue 
(dorsal tear in the proximal urethra). If urethral rup- 
ture is not identified promptly and urine leakage has 
been present for some time (days), urine and con- 
trast material may dissect through the subcutane- 
ous tissue down the hind limbs or along the dorsum 
as far cranial as the scapulae. 


Treatment 


Renal parenchymal injuries 

Renal parenchymal injuries may require surgical treat- 
ment if they are associated with significant haemor- 
rhage or urine leakage. Leakage of contrast during 
excretory urography, or obstruction of urine flow due 
to haematomas or other masses, are both indications 
for laparotomy. Contusions and intracapsular fractures 
do not require treatment. Severe renal injuries may 
require partial nephrectomy, and repair of capsular 
haemorrhage by deep sutures or omental wrap. If 
more than 50% of the kidney is destroyed or the pedi- 
cle is avulsed, nephrectomy is indicated. A complete 
examination of both kidneys should be performed prior 
to surgical intervention unless severe ongoing haem- 
orrhage is occurring. 


Ureteral trauma 

Ureteral trauma may result in crush injury, lacera- 
tion or contusions, usually in the proximal or distal 
regions. Incomplete tears are debrided and sutured 
with 1 metric (5-0 USP) absorbable suture in a sim- 
ple interrupted pattern. If the ureter is transected, 
the ends are debrided, spatulated and anastomosed 
using 1 metric (5-0 USP) absorbable suture in a sim- 
ple interrupted pattern. The use of a soft catheter 
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stent, which is placed into the ureter to bridge the 
anastomotic site, passed into the bladder and exterior- 
ized through the urethra, may facilitate ureteral repair. 
The catheter is removed after 5-7 days. Ureters 
avulsed from the bladder can be reimplanted (see 
Further reading). If the ureter is significantly dam- 
aged and repair or reimplantation is not an option, 
renal autograft into the iliac fossa should be con- 
sidered (Mathews et al., 1994) or nephrectomy 
performed. 


Urinary bladder injuries 

Urinary bladder contusions result in haemorrhage, 
which frequently resolves spontaneously. Rupture 
due to blunt trauma occurs most frequently at the 
apex. The bladder neck and trigone, urethra or pros- 
tate may be lacerated or punctured by pelvic frac- 
ture fragments. Since bladder filling and voiding may 
still be present, frequent examination of the abdo- 
men is necessary to detect uroperitoneum. A urinary 
catheter may pass easily into the bladder, and ure- 
thral injury may not initially be suspected. In some 
animals with bladder injury, urinary catheters can be 
difficult to pass into the bladder and may continue 
into the peritoneal cavity. Where pelvic injury is se- 
vere, it is advisable to perform a contrast urethro- 
gram and cystogram to rule out large defects such 
as complete or partial avulsion of the bladder from 
the proximal urethra (see Chapter 25). 

When the bladder is ruptured, debridement is car- 
ried out and repair is performed using 1 metric (5-0 
USP) absorbable suture in a simple interrupted pat- 
tern. Placement of a urinary catheter postoperatively 
may facilitate healing. Where urinary leakage is oc- 
curring and surgical correction cannot be performed 
immediately, a urinary catheter can be passed into 
the bladder and connected to a closed urinary col- 
lection system (Figure 8.10). If a ureteral tear is 
present, or uroperitoneum persists, it is necessary 
to place a catheter into the peritoneal cavity to re- 
move urine and reduce peritonitis, uraemia and 


hyperkalaemia (Figure 8.11). 


A sterile 
intravenous 
delivery set and 
fluid bag are 
attached to the 
urinary catheter. 
The bag may be 
hooked to a lower 
cage, or as in this 
case, placed ona 
clean barrier on 
the floor. 
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. Strict aseptic technique is imperative. 
2. Place a urinary catheter to remove urine or ensure that the 
bladder is empty. 


3. Clip and surgically prepare and drape the mid-caudal 
abdomen. 


4. Place 1 ml 1% lidocaine into the skin, subcutaneous 

tissues and abdominal wall on the midline, 1-2 cm caudal 
to the umbilicus. 

5. Make a small incision through skin and subcutaneous tissues. 
The incision should just go to the depth of the linea alba if a 
manufactured peritoneal catheter (Abbot Laboratories) is used, 
as the stylet may facilitate passage through the linea alba. The 
incision should go through the linea alba if a sterile feeding 
tube is used. When using a sterile feeding tube, multiple holes 
must be made in this tube. Insert a 16 gauge over-the-needle 
catheter through the incision and infuse 10 ml/kg warm 


prior 
placement. Place two stay sutures, one at each end 
of the proposed incision site, elevate the abdominal wall, and 
remove the 16 gauge catheter. 

6. Direct the peritoneal dialysis catheter through the incision 
towards the pelvic inlet. Retract the stylet slightly prior to 
advancing the catheter. Be sure all holes in the catheter are in 
the abdomen otherwise urine or dialysate will leak into the 
subcutaneous tissue. The catheter is secured to the 


7. A Jackson-Pratt suction drainage tubing system (without the 
commercial 


roy srran straying lay Pope pF 
Argyle trocar thoracic catheters can also be used for dialysis. 


8. The peritoneal catheter is attached to a three-way stopcock. A 


attached to the stopcock 
fluid bag for collection of urine or dialysate. ee 
stopcock may be attached to a sterile intravenous line and 
used for delivery of dialysate if required. 

9. A sterile dressing and bandage are applied. All connections 
should be covered with gauze sponges soaked in chlorhexidine 
or povidone-iodine. 


ED Peritoneal dialysis: catheter placement. 


Urethral injury 

For small tears in the urinary bladder or proximal ure- 
thra, an indwelling urinary catheter or cystostomy tube 
may be used to divert urine while the injury heals. If urine 
leakage originates from the pelvic or distal urethra, or if 
a catheter cannot be passed, a tube cystostomy (Figure 
8.12) should be placed into the bladder to divert the urine. 
Placement of a catheter or cystostomy is preferable to 
performing multiple cystocenteses while stabilizing the 
patient for definitive surgical correction. 

Although small urethral tears can heal over a uri- 
nary catheter in 5-7 days without surgical intervention, 
larger ones require repair. The surgical approach 
to the intrapelvic urethra requires osteotomy of the 
pubis. The torn edges of the urethra are debrided and 
closed with 1 metric (5-0 USP) absorbable suture in a 
simple interrupted pattern. If the prostate is injured or 
opened during the surgical procedure, the capsule is 
closed. For complete instruction on surgical correc- 
tion of urological injuries, a specialist surgical text 
should be consulted (Stone and Barsanti, 1992). 
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1. An appropriate analgesic or anaesthetic regimen is selected, 
and the skin and abdominal wall are infiltrated with 1-2 ml of 
1% lidocaine. 

2. rae pimp fry ca pen haan 
lateral to the midline, midway between the umbilicus and pubis. 

3. An 8 Fr Foley urinary catheter is placed through the incision 
and tunnelled through the subcutaneous tissue, to the midline. 

4. On the midline, a 2-3 cm incision is made through the skin and 
abdominal wall, midway between the umbilicus and pubis. 

5. The bladder is exteriorized through the midline incision and 
Seed eg An mare nares 


Foley catheter is introduced. 
7. The balloon is inflated with sterile saline and the 


suture is passed through the nea alba and tied as a simple 
interrupted suture 


8. Pho tide acaion ia dod rode 
9. The catheter is connected to a closed collection system. 
Note: While the lateral incision and tunnelling of the catheter are 


ideal, due to potential discomfort if local anaesthesia at the site is 
inadequate, direct entry into the abdomen may be considered. 


| 8.12 | Tube cystostomy. 


lf a urinary catheter is used in these patients, it 
should be placed very carefully to prevent iatrogenic 
damage to the urethra or urinary bladder. The patient 
should be monitored for adequate urine flow. If urine 
flow decreases, it may be due to improper positioning 
of the catheter or tube, blockage or kinking of the cath- 
eter, or poor urine production. Catheters should re- 
main in place for up to 7 days while the tear heals. 


Approach to acute intrinsic renal 
failure 


Renal failure is described as acute or chronic. Acute 
renal failure (ARF) is an abrupt, severe reduction in 
renal function, commonly caused by ischaemic or toxic 
insults or infectious agents. Animals may be polyuric, 
oliguric or anuric, depending on the stage of the dis- 
ease and the aetiology of the renal insult. The kid- 
neys are either normal in size or large and painful. 
ARF can occur as a complication in hospitalized ani- 
mals, especially if high-risk patients are not identified 
and are therefore managed inappropriately. Risk fac- 
tors are additive: a geriatric patient may be more sus- 
ceptible to ischaemic or toxic drug injuries than a 
younger animal. Animals with chronic renal failure 
usually have a history of polyuria and polydipsia and 
may have weight loss, reduced exercise tolerance, 
non-regenerative anaemia and small, irregularly 
shaped kidneys. Acute-on-chronic renal failure can 
occur both in and out of the hospital. 

Diagnosis of renal failure is based on history, physi- 
cal examination and laboratory data. ARF occurs in 
three phases: 


* Initial phase, where the insult occurs and oliguria 
or polyuria and azotaemia are present 

* Maintenance phase, where loss of renal function 
is established and progression to irreversible 
failure is possible 

* Recovery phase, where resolution of azotaemia, 
nephron repair and functional compensation 
occur. The prognosis for recovery is difficult to 
define until appropriate therapy has proved 
unsuccessful. 


Diagnostics for acute intrinsic renal failure 
The history may reveal exposure to environmental 
toxins (e.g. ethylene glycol) or medications (e.g. 
aminoglycosides, NSAIDs), lack of vaccination for 
Leptospira spp., urinary tract infection or systemic ill- 
ness. Physical examination should include: tempera- 
ture; abdominal/bladder palpation; search for systemic 
illness; body condition and hydration status; weight; 
and neurological, respiratory and cardiovascular as- 
sessment. Hypotension is frequently associated with 
volume loss and systemic sepsis, however, hyperten- 
sion is frequently associated with primary renal dis- 
ease or infection. Prior to commencing fluid therapy, 
blood should be obtained for emergency and routine 
minimum databases (see Figure 8.6), and a urine sam- 
ple should be obtained and tested if possible (see Fig- 
ures 8.7 and 8.8). Diagnosis is based on serum 
biochemistry, urinalysis, urine culture, complete blood 
count, ultrasonography and serology. The underlying 
cause of the ARF should be aggressively investigated 
as specific therapy (e.g. antibiosis) may be indicated. 

Abnormalities on haematological and biochemical 
testing may suggest the underlying cause. Infectious 
causes of ARF are frequently associated with leucocy- 
tosis or leucopenia, and occasionally non-regenerative 
anaemia. Thrombocytopenia may also be associated 
with rickettsial disease, vasculitis, disseminated intra- 
vascular coagulation, advanced renal disease or eth- 
ylene glycol intoxication. Hyperglycaemia has been 
reported in dogs with ethylene glycol intoxication. Hypo- 
calcaemia is a frequent finding in ethylene glycol in- 
toxication and pancreatitis. Hypercalcaemia may be 
associated with advanced renal disease, cholecalci- 
ferol (vitamin D3) rodenticide intoxication and neoplastic 
disease. Where possible, it should be ascertained 
whether the hypercalcaemia represents an increase in 
ionized or total calcium as this may have diagnostic 
implications (see Chapter 5). 

Electrolyte and acid—base information is vital to 
aid immediate therapy, especially of hyperkalaemia. 
Hyperkalaemia should be suspected in any patient 
with a low (or normal) heart rate when in ARF. Occa- 
sionally, tachycardia may be present during the early 
stage of hyperkalaemia. If potassium measurement 
is not immediately available, an ECG can be used to 
evaluate the effects of the hyperkalaemia on the con- 
duction system of the heart and to guide therapy. 

Of infectious causes, leptospirosis in dogs has in- 
creased markedly in incidence in the United States 
and Canada over the past 6 years (Prescott et al., 
2002). Typically, acute leptospire infections occur dur- 
ing the autumn months, which tend to have higher 
rainfall. The major clinical presentation is acute onset 
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of depression, anorexia, vomiting and fever accom- 
panied by haematological and biochemical changes 
associated with inflammation and multi-organ dysfunc- 
tion. Increased serum creatinine and urea may also 
be associated with increased serum alkaline phos- 
phatase, alanine aminotransferase and bilirubin due 
to associated liver infection. Increased serum creat- 
ine kinase is frequently present. A leucocytosis with a 
marked neutrophilia occurs, and is associated with 
thrombocytopenia in approximately one third of 
affected dogs (Prescott et a/., 2002). Leptospirosis 
may be diagnosed by demonstrating a four-fold rise 
in agglutination titre over a 1—-2-week period. A single 
high titre associated with clinical signs is suggestive 
of active leptospirosis. The major serovars involved 
are Leptospira bratislava, L. grippotyphosa, L. pomona 
and L. autumnalis. In one study, Leptospira autumnalis 
was the most common serovar isolated, however, this 
was felt to be an erroneous representation or ‘para- 
doxical’ reaction of early leptospiral serology (Prescott 
et al., 2002). Similarly, other infectious causes of ARF 
(e.g. ehrlichiosis) may be diagnosed based on clini- 
cal signs and serological testing. 


Treatment 
The goals of treatment are to correct fluid, electrolyte 
and acid-base disorders, establish or maintain urine 
flow, and treat the underlying cause of renal failure. 
Potentially nephrotoxic drugs must be discontinued. 
An intravenous catheter is placed using strict aseptic 
technique, either peripherally for rapid fluid resusci- 
tation, or into the jugular vein for fluid therapy and 
measurement of central venous pressure (CVP). If 
oliguria or anuria is suspected, an indwelling urinary 
catheter is placed to monitor urine output. 
Intravenous fluid therapy is the most important treat- 
ment for ARF. An isotonic, alkalinizing, replacement 
electrolyte solution (e.g. Hartmann’s) is preferred to 
improve acidaemia, thus facilitating potassium trans- 
location into cells. If renal failure is associated with 
hypercalcaemia, 0.9% sodium chloride is preferred to 
enhance calciuresis. Fluids correct dehydration and 
expand the intravascular space, with subsequent 
improvement in systemic perfusion. In addition, fluid 
therapy may overcome some forms of intrarenal vaso- 
constriction, improve renal perfusion, initiate diuresis, 
hasten removal of nephrotoxic substances and prevent 
or correct renal tubular obstruction with cellular debris. 
As a guide to the volume of fluid required to rehy- 
drate an animal, the hydration deficit is calculated by 
estimating percentage dehydration and multiplying 
by body weight in kilograms. A 10 kg dog that is 10% 
dehydrated will require 10 x 10/100 litres = 1.0 litre of 
fluid to correct the deficit (see Chapter 4). Ongoing and 
maintenance losses are estimated (see Figure 8.4) and 
added to the volume deficit. The rate of administration 
depends on the acuity of the loss and the volume of 
urine being produced. In chronic dehydration, when 
urine is being produced and the patient is not 
azotaemic, the deficit should be replaced over 24—48 
hours. In anuric or acutely oliguric animals, regardless 
of their hydration status, a fluid bolus of 20 ml/kg 
(dogs) and 10 ml/kg (cats) should be administered over 
10 minutes, while monitoring the animal's ability to 
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tolerate this volume. If urine flow is not established and 
the animal is showing no signs of fluid overload, the 
remaining deficit should be administered over the next 
1-2 hours. If the animal is judged not to be clinically 
dehydrated at presentation, it is best to assume 3-5% 
dehydration and administer this volume over 1—2 hours, 
or rapidly as previously described, to ensure volume 
expansion (e.g. 10 kg x 3-5/100 = 0.3-0.5 litres). If the 
patient is considered to be at high risk of fluid overload 
(e.g. concurrent cardiac disease), the deficit should be 
administered over 4 hours and the animal monitored 
carefully. The goal is to ensure optimal expansion of 
the intravascular volume, to replace fluid deficits and 
to initiate urine production at 1-2 ml/kg/h. Close moni- 
toring is vital to avoid overhydration and to ensure that 
urine production is maintained. 

If an adequate volume of crystalloid has been ad- 
ministered based on physical examination and appro- 
priate calculation of the deficit, and urine production 
remains less than 1 ml/kg/h, or the patient is hypoten- 
sive, hypoproteinaemic (TP <50 g/l) or anaemic (PCV 
<25%), further measures are required. As appropriate, 
hydroxyethyl! starch, plasma or whole blood should be 
administered to increase or maintain oncotic and sys- 
temic arterial pressures and to improve renal blood flow 
and oxygen delivery. If systemic arterial pressures are 
still unacceptably low, dopamine (5—10 ug/kg/min to 
effect) should be added to improve cardiac output. At 
this point, hypoadrenocorticism should also be ruled 
out and treated if necessary. Adrenal insufficiency may 
be primary or secondary, permanent or transient, and 
may develop following trauma or surgery and during 
sepsis and other critical illness. If poor cardiac con- 
tractility is thought to be contributing to hypotension, 
dobutamine can be used, starting at 5 g/kg/min in 
dogs. In cats, dobutamine should be started at an ini- 
tial rate of 1 g/kg/min and slowly increased to effect, 
with a maximum dose of 4 ug/kg/min. Dobutamine and 
dopamine can be administered simultaneously in dogs. 
Should hypotension persist, dobutamine should be dis- 
continued and noradrenaline can be used (constant 
rate infusion (CRI) 0.01—0.1 tg/kg/min, rarely higher 
dosages may be required). Dopamine can be discon- 
tinued or maintained during noradrenaline therapy. 

The overall goals are to expand intravascular vol- 
ume, replace fluid deficits and normalize oncotic and 
blood pressures, thereby initiating urine production at 
1-2 mli/kg/h, without overhydration. Once volume ex- 
pansion and normotension have been established, if 
urine production remains less than 1 ml/kg/h, diuret- 
ics should be administered. Their use should not be 
postponed, as renal failure may be difficult to reverse 
at a later time. Furosemide and/or mannitol are pre- 
ferred. If acute tubular necrosis is suspected and there 
are no contraindications, mannitol may be the better 
choice. Contraindications to the use of mannitol in- 
clude evidence of overhydration including pulmonary 
or interstitial oedema, hyperosmolarity (e.g. 
hypernatraemia, ethylene glycol or salicylate toxico- 
sis, hyperglycaemia), the presence of ongoing haem- 
orrhage, or if there is evidence or concern for capillary 
leak. Mannitol produces an osmotic diuresis and 
reduces cellular oedema and reperfusion injury by 
scavenging oxygen free radicals. It is given at 0.25 
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g/kg i.v. over 5—10 minutes and repeated after 30—40 
minutes to maintain diuresis. Mannitol should not be 
repeated if urine flow is <1 ml/kg/h within 60 minutes 
of the initial bolus. 

If there is no response to mannitol, or furosemide is 
preferred or indicated initially (see contraindications for 
mannitol above), furosemide should be administered 
intravenously at 2—4 mg/kg (dog), or 2 mg/kg (cat). 
Furosemide enhances aminoglycoside nephrotoxicity, 
therefore the use of these drugs concurrently should 
be avoided. If no beneficial effect on urine output is 
seen in 30 minutes, the dose should be repeated once 
in the cat, or once or twice, at 6 mg/kg, in the dog at 
1-hour intervals. If mannitol or furosemide are not avail- 
able, hypertonic dextrose in water (20% solution), at 
2-10 ml/kg over 1-5 minutes, may establish diuresis. 
Glucosuria does not necessarily indicate success of 
diuresis unless urine output approaches 1—4 mi/kg/h. 

If urine flow is established but the patient remains 
oliguric, a CRI of furosemide at 0.1—1 mg/kg/h may 
facilitate diuresis. Although it is currently controver- 
sial, dopamine at 1-3 ug/kg/min can be administered 
in combination with furosemide to maintain adequate 
renal perfusion. If tachycardia or other dysrhythmia 
develops during dopamine administration, the drug 
should be discontinued and restarted at a lower dose. 

This author has found diltiazem useful in establish- 
ing and maintaining urine flow in dogs with leptospiro- 
sis, and enhancing renal recovery when compared to 
standard therapy (Mathews and Monteith, in press). 
Diltiazem (0.3-0.5 mg/kg) is administered slowly intra- 
venously while assessing systemic blood pressure 
and heart rate, followed by a CRI at 2-5 ug/kg/min 
(0.9-2.3 ug/lb/min) if systemic blood pressure and heart 
rate are not adversely affected. The CRI is maintained 
until serum creatinine falls to within normal range, and 
is then discontinued by reducing the dose over a few 
hours. Furosemide administration (as described above) 
may be combined with diltiazem but should be with- 
drawn when urine output is more than adequate. 

Peritoneal dialysis (Figures 8.11 and 8.13) or haemo- 
dialysis should be considered in the anuric animal when 
attempts at establishing urine flow have failed. 

If urinalysis indicates the presence of infection, 
pyelonephritis may be the cause of renal failure. Anti- 
biotic therapy should be based on culture and antibio- 
gram. Commonly isolated bacteria include the 
Gram-negative rods Escherichia coli, Klebsiella 
pneumoniae, Pseudomonas aeruginosa or Proteus 
mirabilis, and the Gram-positive cocci Staphylococ- 
cus aureus or Streptococcus spp. While waiting for 
culture and sensitivity results, depending on whether 
cocci or rods were identified on urinalysis, antibiotic 
choices can include amoxicillin/clavulanic acid 10 mg/ 
kg q12h orally, ampicillin-sulbactam 20 mg/kg (ampi- 
cillin component) q8h i.v. or i.m., cefazolin 20 mg/kg 
q6h i.v. or trimethoprim—sulfamethoxazole/sulfadiazine 
30 mg/kg q12h orally or i.v. (check formulation). If the 
animal is vomiting or systemically ill, oral drugs should 
be avoided. Considering its capability to induce anti- 
biotic resistance, enrofloxacin (10 mg/kg q24h i.v. or 
orally in dogs, or 5 mg/kg q24h i.v. or orally in cats) 
should only be used if indicated. Indications include 
the suspicion of Pseudomonas, the absence of 


1. Commercial dialysate (Dianeal, Baxter) with dextrose 0, 1.5, 
2.5 or 4.5%, or homemade dialysate using lactated Ringer's 
solution or 0.45% or 0.9% saline with the appropriate volume of 
dextrose added, should be used. Do not use acetate or 


infused. Select 1. dros mays ond #3 t 
oedematous, overhydrated or hyperosmolar. The concentration 
can be reduced as the hydration status and 


osmolarity 
improves. The dialysate should be warmed and maintained at 
body temperature. 
2. anal ioe een ganpati as 
from a single dialysate bag, attach the intravenous 


tubing to one arm of the three-way stopcock and the collection 
bag to the second arm. 


t- , while w å 
ape age pe 


5. If only a portion of the dialysate is used, close the roller clamp 
pracboper py nR 


6. The dialysate remaining in the bag must be kept warm. 


Repeat every hour initially. As the patient improves or 
stabilizes, the procedure can be extended to every 4-6 hours. 


8. Initially, volumes of dialysate recovered may be less than 


“a 


9. Monitor for fluid overload and assess the patient daily. 
10. ea E aah aoe peered 
the dialysate daily. 


| 8.13 | Peritoneal dialysis technique. For peritoneal 
dialysis catheter placement, see Figure 8.11. 


Gram-positive cocci on Gram stain and ineffectiveness 
of other antibiotic therapy. If leptospirosis is suspected, 
ampicillin is used at 20 mg/kg q6h i.v. While many 
antibiotics concentrate in urine and will therefore be 
effective in treating cystitis, this concentration effect 
does not apply to the renal parenchyma, which should 
be considered similar to any other organ with respect 
to penetration and appropriate antibiotic levels. 
Metoclopramide (1 mg/kg/24h CRI, or 0.2 mg/kg 
q8h s.c.) can be used to control vomiting, and H; 
blockers at half the recommended dose, with 
sucralfate, should be considered for ulcer treatment 
and prophylaxis. Hyperphosphataemia may be treated 
with phosphate binders or sucralfate. Nutritional sup- 
port should be considered. Treatment for specific 
causes of renal failure should also be pursued. 


Approach to proteinuria 


Patients with uncomplicated proteinuria rarely present 
as emergencies but increased urinary protein levels 
may be identified on urine dipstick evaluation during 
assessment of the critically ill animal. Proteinuria may 
or may not be associated with azotaemia and is 
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often secondary to underlying disease. The urine 
protein:creatinine ratio (UP/UC) is a sensitive, rapid 
and convenient test for the detection and quantifica- 
tion of protein in randomly collected urine samples 
(see Figures 8.4 and 8.5). Lower urinary tract sources 
of increased urinary protein should be ruled out to 
allow valid interpretation of the UP/UC as a marker of 
glomerular disease. UP/UC values <0.5 are normal; 
values between 0.5 and 1.0 are questionable and 
values >1.0 are abnormal. There are many causes of 
increased urine protein, but UP/UC values of 1—5 are 
usually associated with pre- and postrenal causes or 
glomerulosclerosis/atrophy; values of 5-13 are asso- 
ciated with non-amyloid glomerulopathy; and values 
>13 usually indicate severe glomerulopathy or 
amyloidosis (Lulich and Osborne, 1990). As severe 
proteinuria is associated with a hypercoaguable state, 
proteinuric patients may occasionally present as emer- 
gencies with signs of thromboembolic disease, such 
as dyspnoea (see Chapter 13). 


Approach to lower urinary tract 
obstruction 


Most commonly, either the bladder or urethra is ob- 
structed. The history includes stranguria (owners may 
mistakenly report constipation), dysuria, pollakiuria or 
anuria, and males are more frequently affected. The 
clinical condition of a dog or cat with urethral obstruc- 
tion depends on the duration and severity (partial, to- 
tal or functional) of the obstruction. Although the animal 
may be straining to urinate, systemic signs are usu- 
ally not present in the first 24 hours following obstruc- 
tion. Postrenal azotaemia develops within 48 hours 
with signs of uraemia occurring shortly afterwards. 
With total urethral obstruction no urine is voided, but 
an occasional drop of urine may drip from the penis 
or vulva. The abdomen must be palpated gently to 
avoid exacerbating pain or rupturing a large tense 
urinary bladder. If a bladder cannot be palpated in an 
animal in which urethral obstruction is highly likely, a 
ruptured bladder should be suspected. Rarely, 
ureteroliths may result in bilateral ureteral obstruction 
and anuria. In this situation the bladder is empty. 


Idiopathic, non-obstructive feline lower 
urinary tract disease 


Diagnosis 

Idiopathic, non-obstructive feline lower urinary tract dis- 
ease, also called ‘idiopathic cystitis’ (interstitial cystitis 
in humans), is a diagnosis of exclusion. Suggested 
pathophysiology and clinical experience is reported 
elsewhere (Buffington and Chew, 1995). The behav- 
iour of cats with this disease is similar to that of cats 
with obstructive disease, but physical obstruction is 
usually not a feature. Voiding appears painful, and 
haematuria and pollakiuria may be associated with 
dysuria. The cat may void in inappropriate places, 
groom the caudal abdomen and genitals frequently and 
resent abdominal palpation. These cats are usually 
presented as an emergency due to dysuria, inappro- 
priate urination or haematuria. Occasionally the cat 
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develops a functional obstruction and has a hard, mod- 
erately enlarged bladder associated with azotaemia or 
uraemia. A urinary catheter is passed easily into the 
urethra and bladder. Crystals and ‘mucus-like’ mat- 
erial may be present. The urinalysis is usually normal 
except for the presence of microscopic or grossly vis- 
ible blood. The pH of the urine is frequently <6.5 and 
no bacteria are seen. Ultrasonography and contrast 
cystography reveal thickening of the bladder wall and 
contrast material may dissect under the urothelium. 


Treatment 

If an enlarged bladder is palpated, a urinary catheter 
should be passed to rule out obstruction and obtain 
urine for sediment and crystal identification. Urine 
culture is usually unnecessary, as this disease is not 
associated with bacteria. If frequent urethral catheteri- 
zation has been performed, infection may be present 
and culture is warranted. When cats have been un- 
able to void, presumably due to reflex dyssynergia 
secondary to cystitis, the urinary catheter must usu- 
ally remain in place for at least 2 days until medical 
management has taken effect. Cats that have experi- 
enced functional urethral obstruction may be azotae- 
mic, requiring fluid therapy (see acute renal failure) to 
reverse the azotaemia/uraemia. Phenoxybenzamine 
(0.5 mg/kg q24h orally or 0.25 mg/kg q12h orally) is 
administered to reduce urethral spasm but may re- 
quire 24—48 hours for full effect. Hypotension is a 
possible but rare side effect related to a-adrenergic 
blockade, and this drug should not be used in cats 
with cardiovascular disease. If detrusor dysfunction 
is identified, bethanechol (1.25—5.0 mg q8h orally) may 
be administered to enhance bladder emptying, after 
urethral patency and function have been established. 
Bethanechol may cause bladder rupture if there is re- 
sistance to urine flow. Amitriptyline (2.5-12.5 mg 
(5 mg/cat typical dose) q24h orally at bedtime for 
5-7 days) may be used and dosed to produce a 
barely perceptible calming effect. The analgesic, anti- 
inflammatory, anticholinergic and reduced adrenergic 
effects of amitriptyline may also contribute to relief of 
symptoms in these cats. Possible side effects include 
urine retention and increased liver enzymes. In addi- 
tion, increasing water intake, including feeding canned 
food, reducing stressors in the environment and iden- 
tifying associated crystalluria, are all necessary to treat 
the cystitis. 


Urethral obstruction 


Diagnosis 

Urethral obstruction due to uroliths (dogs and cats) or 
urethral plugs (cats) is a common cause of anuria in 
dogs and cats, but other causes must also be consid- 
ered. Transitional cell carcinoma and granulomatous 
urethritis may produce similar clinical signs of obstruc- 
tion. The animal may appear physiologically normal or 
may be depressed, vomiting, in shock or unconscious. 
A large hard painful bladder may be palpable in the 
abdomen. Bradycardia, hypothermia, pale mucous 
membranes with prolonged capillary refill time, hyper- 
pnoea and halitosis may be present. In cats with ure- 
thral obstruction, the tip of the penis is often dark red/ 
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purple and swollen. In dogs, a urolith may be palpated 
anywhere from the ischial arch to the os penis and the 
penis may be discoloured. If uroliths are ruled out, a 
rectal examination of the prostate and bladder trigone 
should be performed in the male dog and a vaginal 
examination for vaginal/urethral masses in the bitch. 
Ultrasonography and/or contrast urography and cystog- 
raphy, in addition to urine cytology and urethral or blad- 
der biopsy, are required for diagnosis of granulomatous 
and neoplastic lesions. Inability to void may also be 
associated with spinal disease or injuries, especially 
those that involve the sacrum (Kuntz et al., 1995). These 
patients require a full neurological evaluation. 


Emergency stabilization 

If the animal is extremely depressed, oxygen should 
be administered by mask, an intravenous catheter 
placed, and blood should be obtained for an emer- 
gency minimum database. Fluid therapy should be 
instituted immediately with the rate based on the de- 
gree of hypoperfusion and/or dehydration present. The 
degree of dehydration is estimated and an isotonic 
replacement electrolyte solution is administered over 
12 hours if the animal is minimally dehydrated, over 4 
hours if it is moderately dehydrated, and over 1-2 
hours if shock is present. These rates of administra- 
tion may be modified according to response to therapy, 
which should be reassessed every 5—10 minutes. If a 
bradydysrhythmia is detected, an electrocardiogram 
(ECG) should be obtained. Hyperkalaemia, if associ- 
ated with bradycardia, should be treated aggressively 
(see Chapter 5) prior to relieving the obstruction. If 
acidosis is present and hyperkalaemia is not associ- 
ated with life-threatening signs, fluid resuscitation 
alone will often be sufficient to correct the values. A 
balanced electrolyte solution, which contains potas- 
sium, does not have a negative effect on outcome. 


Relieving the obstruction 

If the patient is severely depressed, sedation may not 
be required. If in pain or alert, the dog or cat should be 
sedated or anaesthetized using one of the following: 


Morphine (0.1—-0.3 mg/kg i.m.) 

Butorphanol (0.2-0.4 mg/kg i.v. or i.m.) 
Propofol (2—4 mg/kg i.v.) 

Short-acting thiobarbiturate (5 mg/kg i.v.) 

Mask isoflurane anaesthesia 

Ketamine (2.5-5.0 mg/kg i.v.) mixed with 
diazepam (0.125—0.25 mg/kg i.v.) or midazolam 
(0.125—0.25 mg/kg i.v. or i.m.). 


Caution should be exercised with ketamine com- 
binations if renal compromise is suspected in cats 
(ketamine is metabolized by the liver in dogs), and 
vomiting may occur following morphine administra- 
tion. With any medication, the lowest dose possible 
should be used. Prior to anaesthesia, plasma potas- 
sium should be estimated where possible and an ECG 
trace obtained. Severe hyperkalaemia should be ad- 
dressed (see Chapter 5). 

If the bladder requires immediate decompression, 
cystocentesis (see Figure 8.8) can be performed prior 
to relieving the obstruction. A 22 gauge over-the- 
needle catheter can be used, the needle removed 


and an extension with three-way stopcock attached. 
Care must be taken not to move the catheter and to 
aspirate carefully, as the bladder might tear. As much 
urine as possible should be removed to reduce the 
risk of urine leakage into the abdomen at the 
cystocentesis site. Urethral catheterization should be 
performed as soon as possible after the cystocen- 
tesis. Only one cystocentesis should be performed, 
to avoid urine leakage into the abdomen. As urethral 
catheterization can often be achieved rapidly, the 
risks of cystocentesis in a patient with a compromised 
bladder wall should be carefully considered. 

In male cats, the penis is gently massaged between 
the thumb and forefinger and extremely gentle pres- 
sure is applied to the bladder. If the obstruction is not 
immediately relieved, hydropulsion should be attempted 
using a lubricated (water-soluble lubricant) polypro- 
pylene tom cat catheter, an ophthalmic lacrimal duct 
flush cannula, or a 22 gauge over-the-needle catheter 
without its stylet. The prepuce is cleaned with 
chlorhexidine soap and rinsed with warm water. A 
10-20 ml syringe is filled with sterile saline, the penis 
is extended caudally (making the urethra as straight 
as possible), the catheter is engaged in the tip of the 
penis and the urethra is flushed while advancing the 
catheter. Gently twisting the catheter can sometimes 
aid its passage. If the bladder is turgid, a single 
cystocentesis may relieve pressure within the bladder 
to facilitate hydropulsion. Once the catheter has been 
passed into the bladder, the bladder is pressed gently 
to empty it, then flushed multiple times slowly with warm 
sterile saline until clear, emptying the bladder each time. 
In large cats, the tom cat catheter may not reach the 
bladder and a 3.5 Fr rubber urinary catheter or paedi- 
atric feeding tube is recommended for longer-term cath- 
eterization. The bladder should remain catheterized if: 


* Relief of the obstruction was difficult 

* The urine stream is small 

+ The bladder was overly distended and detrusor 
function may be questionable 

* The animal is uraemic or markedly azotaemic 
and diuresis is necessary 

* If post-obstructive diuresis is likely and 
measurement of urine output is necessary in the 
immediate post-obstructive phase. 


For indwelling catheters, the catheter is advanced 
into the bladder until urine appears, then advanced 1 
cm further; it is secured to the patient by placing an 
adhesive tape butterfly around the proximal end of 
the catheter and suturing it to the prepuce in a hori- 
zontal pattern. A sterile intravenous administration set 
and empty fluid bag are attached to the urinary cath- 
eter and then maintained as a closed collection sys- 
tem (see Figure 8.10). 

Urethral catheterization of queens is performed 
blindly with the cat in lateral or sternal recumbency; 
however, if preferred, dorsal recumbency may also be 
appropriate. The vulva is cleaned with chlorhexidine 
soap and rinsed with warm water. A lubricated (water- 
soluble lubricant) 3.5 Fr paediatric feeding tube is 
passed into the vagina along the ventral aspect of the 
vestibular floor. The catheter commonly passes into the 
entrance of the urethra. The remaining technique is 
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similar to that for the male above but with suturing to 
the vulva. An otoscope may be useful to identify the 
external urethral orifice should the blind technique fail. 

In dogs with urethral obstruction, cystocentesis may 
be performed if necessary. Attempts are made to pass a 
small-gauge catheter beyond the obstruction into the 
bladder to remove the urine. In males, if the obstruction 
is due to a urolith (frequently in or just caudal to the os 
penis), the urolith should be hydropulsed into the blad- 
der using as short a catheter as possible, or a round- 
ended teat cannula. Two people are required for this 
procedure; one occludes the proximal urethra via rectal 
palpation and compression against the pubic symphy- 
sis and the other retracts the penis, cleans the urethral 
orifice and passes the catheter a short distance into the 
urethra. The external urethral orifice is then manually 
occluded. A 35-60 ml syringe is filled with equal vol- 
umes of well mixed sterile saline and sterile aqueous 
lubricating jelly and the mixture is injected into the ure- 
thra. Once the urethra is distended, the proximal per 
rectum occlusion is released while fluid injection is 
continued, and the urolith is flushed into the bladder. 
Lubricating jelly should not be used in the flush if a tear 
or deep abrasion of the urethra or bladder is suspected. 

In bitches with urethral obstruction, a Foley cath- 
eter is placed into the urethral orifice and the balloon 
inflated. The urethra is flushed without proximal occlu- 
sion of the urethra. If hydropulsion is not successful in 
relieving the obstruction, caution must be used to avoid 
injuring the urethra, and surgical removal is advisable. 

A cystotomy is required to remove uroliths 
retropulsed into the bladder, while urethrostomy is 
required to remove uroliths that continue to obstruct 
the urethra. In some dogs voiding urohydropropulsion, 
a non-surgical technique for removal of urocystoliths 
(Lulich and Osborne, 1995a), may be attempted. If 
attempts to relieve the obstruction fail, emergency 
decompression of the bladder via catheter cystostomy 
may be necessary while the patient is stabilized. 

If hydropulsion is successful, a urinary catheter is 
passed into the bladder to remove the urine (see Fig- 
ure 8.7). The bladder should be gently flushed to re- 
move the lubricating jelly, blood clots or crystals. If 
the catheter remains in place, it should be attached 
to a closed urinary collection system. The duration of 
urinary catheter placement depends on the severity 
of the problem, but is usually a minimum of 24 hours. 


Treatment 

The cause of granulomatous urethritis in bitches is 
unknown, but it is frequently associated with primary 
or secondary bacterial cystitis. Catheterization of the 
urinary bladder is necessary to permit emptying. Im- 
munosuppressive doses of prednisolone (2-3 mg/kg 
daily) have been suggested, with antibiotic therapy 
based on culture and sensitivity results. 

Urethral obstruction due to neoplasia and associ- 
ated inflammation may be successfully managed with 
a temporary indwelling urinary catheter, empirical or 
specific antibiotic therapy based on culture and sensi- 
tivity and piroxicam (0.3 mg/kg q24h for 3 days, then 
every 48 hours or to effect). If reflex dyssynergia is 
likely, this therapy in addition to phenoxybenzamine (5— 
15 mg/dog q24h orally for 5-7 days), may be effective. 
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Haematomas of the bladder or urethra may require 
hydropulsion and bladder flushing, while maintaining 
urine flow with an indwelling urinary catheter. If a 
coagulopathy is present, it should be identified and 
treated (see Chapter 13) to prevent further bleeding. 
If the haematoma is due to trauma, the injury should 
be identified via contrast urography. Inadvertent 
obstruction of urine flow due to iatrogenic ligation of 
the urethra may occur after any surgical procedure 
associated with the urethra (e.g. perineal hernia, cas- 
tration, urethral surgery) or bladder (e.g. hysterectomy, 
prostatic surgery). 

Perineal hernia with prolapsed urinary bladder may 
result in anuria and obstructed passage of a urinary 
catheter. Cystocentesis is required while planning emer- 
gency surgical correction. Similarly, prostatomegaly 
may cause urethral obstruction (see Chapter 15). 

A tube cystostomy (see Figure 8.12) should be 
placed if urine leakage originates from the pelvic and 
distal urethra, or if a urinary catheter cannot be passed 
into the bladder in any animal. Due to the risk of com- 
plications, emergency urethrostomy should only be 
performed if absolutely essential. For emergency de- 
compression of the bladder, a catheter or tube cysto- 
stomy is preferred to multiple cystocenteses, while 
stabilizing the patient for definitive surgical correction. 
After relief of any obstruction, if urine production is 
<0.5 mi/kg/h and non-responsive to estimated fluid 
requirements, consider treatment for oliguric/anuric 
renal failure as above. 


Monitoring 


Monitoring fluid administration 

After urine flow has been established, regardless of 
the underlying problem, ongoing fluid requirements 
may be calculated as follows: 


1. Divide the day into six 4-hour intervals, four 6-hour 
intervals or three 8-hour intervals, depending on 
severity of illness and availability of staff. 

2. Determine urine produced during each time 
interval and add the estimated insensible loss for 
that period. 

3. Determine ongoing losses in vomitus, diarrhoea 
and saliva over this same interval. 

4. Determine insensible loss, 20 ml/kg/day, and for 
each degree Celsius above 38.5, add 10% of 
normal daily maintenance fluid requirement (for 
example if normal daily requirement is 1 litre and 
temperature is 40.5°C then 200 ml should be 
added). Divide this amount by 6, 4 or 3 
depending on intervals selected above. 

5. This total volume of fluid is to be delivered over 
the next time period. 


Any fluid challenge must be monitored closely 
but if cardiac or pulmonary disease is present, CVP 
monitoring is advised. An increase in CVP >4 cmH.O, 
with a slow decrease to baseline, indicates hypervol- 
aemia or right-sided cardiac disease. Fluid therapy 
should be discontinued temporarily if the CVP reaches 
13 cmH,O (dogs) or increases by 2 cmH,O or more 
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in any 10-minute period. In addition to CVP (or if CVP 
is not available) the following signs can also indicate 
overhydration: 


Shivering 

Restlessness 

Serous nasal discharge 

Tachypnoea 

Nausea 

Vomiting 

Tachycardia (followed by bradycardia when 
severely overloaded) 

* Subcutaneous oedema (especially the hock joint 
and intermandibular space) 

Pulmonary crackles and oedema 
Exophthalmos 

Chemosis 

Cough 

Dyspnoea 

Polyuria 

Diarrhoea 

Depressed mentation 

Ascites. 


Monitoring ongoing therapy 

The following parameters must be monitored during 
ongoing patient management, to assess efficacy of 
therapy and to prevent, identify and treat abnormali- 
ties that arise: 


* Creatinine or urea or both (daily). Urea (or BUN) 
is not a reliable test for renal assessment as it 
will increase when blood is present in the 
gastrointestinal tract, following a high-protein 
meal and during starvation, fever and infection, 
and will decrease in hepatic insufficiency/failure 
and following administration of anabolic steroids. 
However, for monitoring trends, and whilst 
keeping these shortcomings in mind, it is still 
useful and inexpensive (BUN stick) 

* Urine specific gravity (with urine volume 
measurement every 1-8 hours) 

+ Urine sediment (every 48 hours if acute tubular 
necrosis) 

+ Weight gain or loss (every 8-24 hours to assess 
fluid loss/gain) 

* Serum electrolytes, specifically potassium (every 
4—24 hours with hypo- or hyperkalaemia) and 
phosphorus 

* Venous blood gases, or total carbon dioxide 
(every 6-24 hours to assess metabolic status) 

+ Anion gap (with electrolyte and blood gas or total 
carbon dioxide measurements) (see Figure 8.4) 

* Urine sodium and creatinine (where indicated to 
assess prerenal versus renal problem) (see 
Figure 8.4) 

¢ Urine protein:creatinine ratio (every 72 hours) to 
assess therapy and prognosis (see Figure 8.4) 

* Urine production (hourly to every 8 hours 
depending on situation). 


Monitoring urine output 

The volume of urine output depends on the under- 
lying problem. The goal is to maintain at least 1—2 ml/ 
kg/h. However, in the presence of renal tubular injury 


or loss of concentrating ability for other reasons, urine 
output can be extremely high (25-40 ml/kg/h). In this 
situation it is important to measure urine output and 
use this to guide adequate fluid replacement. Urine 
volume can be measured by collection when the ani- 
mal voids, use of a metabolism cage, by intermittent 
or continuous urinary bladder catheterization or by 
placing preweighed towels under the vulva or penis 
and weighing them after voiding. Any increase in towel 
weight over baseline, unless otherwise soiled, is as- 
sumed to be due to urine. Assuming 1000 ml equals 
1000 g, the volume of urine voided can be estimated. 
This technique usually underestimates urine pro- 
duced, as some urine may remain in the cage. Weigh- 
ing the animal several times daily assists in estimating 
urine output. Should the animal's weight decline de- 
spite fluid therapy, it is assumed that ongoing losses 
such as high urine output, vomiting, diarrhoea, sali- 
vation, fever or hyperthermia are in excess of fluid 
administration. A weight loss of 0.1-0.3 kg body 
weight/1000 kcal energy requirement should be as- 
sumed in an anorexic animal. 

When the animal is recumbent and monitoring 
urine output is especially important, most critical care 
Clinicians prefer to use an indwelling urinary catheter 
attached to a sterile intravenous fluid delivery line and 
urine collection bag (see Figure 8.10). The exterior of 
the catheter is cleaned several times a day with 
chlorhexidine. Should the prepuce or vulva become 
soiled, it is cleaned with chlorhexidine soap and rinsed 
with warm water. Antibiotics are avoided unless re- 
quired to treat an existing infection. The urine is cul- 
tured after 72 hours or sooner if indicated. The catheter 
is removed as soon as possible and the urine cul- 
tured following removal. The tip of the urinary cath- 
eter should not be cultured, as a positive result does 
not necessarily reflect infection in the urinary bladder. 
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Neurological emergencies 


Charles H. Vite and Sam N. Long 


Introduction 


Relatively few diseases that affect the nervous system 
endanger the life of the patient sufficiently to constitute 
a true emergency. However, those that do must be rec- 
ognized as such and dealt with appropriately. Perhaps 
more importantly, several conditions affect the nervous 
system in a delayed manner, and if these are not iden- 
tified and treated at an early stage, they can lead to a 
chain of events that cause a self-propagating deterior- 
ation in the patient's condition. These conditions may 
arise quietly, with little fanfare, and if the clinician does 
not pay close attention to the hallmarks of their devel- 
opment, they can be relentless in their progression. 


Performing an emergency 
neurological examination 


Whenever possible it is best to perform a full neuro- 
logical examination early in the patient's evaluation. 
However, if time is of the essence, an abbreviated 
neurological examination can be performed that will 
give enough information to draw up a problem list, 
localize the lesion(s) and prioritize care. 

Broadly speaking, the emergency neurological 
examination involves evaluation of three components: 


* Ambulation 
* Mental status 
* Cranial nerve function. 


Ambulation 


* Is the animal walking? If yes, is the animal 
walking normally or abnormally? If abnormally, is 
the animal ataxic? How many limbs are affected: 
pelvic limbs, all four, or one side of the body? Is 
there circling, or is the animal walking 
compulsively or head pressing? 

* If the animal is not walking, is there evidence of 
voluntary motor function in the affected limbs? Is 
there involuntary motor function (i.e. seizure activity)? 

* A brief proprioceptive function test should be 
performed in each limb: ability to replace a 
knuckled-over paw and hopping are sufficient. 

* Withdrawal reflexes should be assessed in all 
four limbs. While this is being performed, look for 
conscious recognition of stimulation (head turning, 
vocalizing etc.) in addition to palpating the limb for 
muscle tone and evidence of muscle atrophy. 
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Mental status 


* Assess the level of consciousness of the animal. 
Alert? Depressed? Sleepy but rousable by voice/ 
touch? Unrousable? 

* Look for response to a single clap of the hands. 
Does the animal sit up/turn around? Do the ears 
twitch? Is there no response? 

* Look for response to touching around the face, 
especially nasal planum, medial canthus of the 
eye and ears. 

* If there is no response to either sound or touch, 
look for a response to noxious stimulus (e.g. 
pinch the nasal planum or lips with haemostats, 
look for conscious recognition when performing 
the withdrawal response). 


Cranial nerves 

In an emergency, testing of the following cranial nerves 
is often sufficient to localize the lesion and provide an 
indication of the severity of clinical signs at the same 
time. The cranial nerves that should be tested include: 


* Pupil size (cranial nerve (CN) III): look for 
symmetry and note size (small, medium, large) 

* Menace response (CN II/forebrain): is there a 
blink and/or retraction of the globe when the eye 
is menaced? 

+ Pupillary light reflex (CN II/III): look for response 
to light (direct and consensual) 

* Examine the oculovestibular reflex (CN III/IV/VI/VIII): 
look for normal physiological nystagmus with 
horizontal and vertical movements of the head. 
Also look for abnormal nystagmus when the head 
is at rest and positional nystagmus when the 
patient's position is altered (e.g. turned on their back) 

* Look for a gag reflex (CN IX/X/XIl) 

* The ocular fundus should also be examined for 
the presence of chorioretinitis or papilloedema. 


Triaging the neurological patient 


When dealing with any emergency, it is important to 
prioritize the problems of the patient and deal with 
these in an appropriate and systematic order. This 
applies as much to the neurological emergency as it 
does to emergencies affecting other body systems. 
Following the neurological examination, it should be 
possible to localize the patient's lesion into one or more 
of the following categories (Figure 9.1): 
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* Intracranial: — T3-L3: proprioceptive deficits in pelvic limbs 
— Abnormal mental status only, normal or exaggerated withdrawal 
— Seizure activity reflexes in the pelvic limbs 
— Abnormal cranial nerve examination — L4-S3: proprioceptive deficits in the pelvic 
— Compulsive pacing/head pressing (if walking) limbs, reduced or absent withdrawal reflexes 
* Spinal. Normal mentation with: in the pelvic limbs, possible urinary/faecal 
— C1-C6: proprioceptive deficits in all four incontinence and reduced anal sphincter tone 
limbs, normal or exaggerated withdrawal * Peripheral nerve: 
reflexes in all four limbs — Proprioceptive deficits in one or more limbs 
— C6-—T2: proprioceptive deficits in all four limbs with decreased withdrawal reflexes 
(usually worse in pelvic limbs), normal or — Normal mentation 
exaggerated withdrawal reflexes in pelvic — Hypoventilation possible 
limbs but abnormal/reduced withdrawal + Multifocal: neurological dysfunction indicating 
reflexes in the forelimbs involvement of more than one region. 


Hyper-reflexia of the limb reflexes 
ipsilateral to the lesion; or of all four 
limbs if lesion involves both sides of 
the pons/medulla 


Decreased over the side of the face 

ipsilateral to the lesion 

Decreased sensation of the face, 

decreased jaw tone, masticatory 

muscle atrophy (CN V); decreased 
palpebral reflex (CN V and VII); 

rotation of medial strabismus, decreased 


the ears (CN Vil); ses pe td 
tilt and positional ventral strabismus 
(CN Vill); dysphagia, dysphonia, 
decreased gag reflex (CN IX and X); 
regurgitation, megaoesophagus 
(CN X); and decreased tongue 
motion and tongue muscle 

atrophy (CN XII) ipsilateral to the 
lesion 


Other Hyperventilation Rapid, shallow breathing; irregular, 
ataxic breathing; or apnoea 
Cheyne-Stokes 


TD Clinical signs of neurological diseases. (continues) > 
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body from side to side and a tremor 
of the head and neck most noticeable 
when fine movements are required. 
Dysmetric, spastic postural reactions 
ipsilateral to the lesion 


CD (continued) Clinical signs of neurological diseases. (continues) > 
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Monoparesis, hemiparesis or tetraparesis. Movement is 
characterized by scuffing the paws; a short-strided gait; 
or inability to support weight 


Monoparesis, hemiparesis or tetraparesis. Movement is 
characterized by scuffing the paws; a short-strided gait; 
or inability to support weight 

Postural reaction testing may be normal if the animal is 
supported; however, postural reaction deficits may occur in 
affected limbs 


Normoreflexia or hyporeflexia in affected limbs. Decreased 
anal tone 


Normal, or muscle may be painful on palpation 


Cranial nerve Decreased sensation of the face, decreased jaw tone, Decreased jaw tone; ipsilateral or bilateral masticatory 
function masticatory muscle atrophy (CN V); decreased muscle atrophy; drooping lips; decreased ability to blink or to 
palpebral reflex (CN V and VII); medial strabismus, move the ears; dysphagia; dysphonia; decreased gag reflex; 
decreased globe retraction (CN VI); drooping lips, regurgitation; megaoesophagus; and decreased tongue 
inability to blink the eyelids or move the ears (CN VII); motion with atrophy of the tongue muscle 
nystagmus, head tilt and positional ventral strabismus 
(CN VIII); dysphagia, dysphonia, decreased gag reflex 
(CN IX and X); regurgitation, megaoesophagus (CN X); 
and decreased tongue motion and tongue muscle 
atrophy (CN XII) ipsilateral to the lesion 
Other Quickly progressing and severe muscle atrophy. Exercise 


| 9.1 | (continued) Clinical signs of neurological diseases. 


intolerance. Limited joint motion 


Spinal cord disorder results in no abnormalities of mental status or cranial nerve function. Deficits in gait, postural ability, reflexes and sensation 
occur at or Caudal to the level of the lesion and ipsilateral to the lesion. Bilateral deficits may occur if the lesion crosses the midline of the spinal cord 


Ataxia: incoordination; may be characterized by crossing over of the the limbs, increased stride length, abduction or circumduction of a limb or 
limbs, walking on the dorsum of the paw, or the failure of an observer to be able to predict where a paw will land 


Paresis: partial loss of voluntary motor ability; may be characterized by an inability to support weight fully while walking or standing, scuffing of 


the paws when walking and tremoring when trying to stand 
Paralysis: complete loss of voluntary motor ability 
Spasticity: increased extensor tone of the limbs. 


Abnormalities associated with hypothalamic involvement: diabetes insipidus, diabetes mellitus, hyperadrenocorticism and acromegaly; 
abnormalities in appetite, thirst, sleep, sexual behaviour, temperature regulation and electrolyte regulation 


Cheyne-Stoke's pattern of respiration: a repeating pattern of deep and shallow respiration followed by periods of apnoea 
Dysmetria: a form of ataxia, characterized by abnormal rate or range of a movement. 

Horner's syndrome: miosis, ptosis, prolapsed third eyelid and enophthalmosis 

Schiff-Sherrington posture: characterized by increased extensor tone and normal postural ability of the forelimbs 
Bulbocavernosus reflex: squeezing the bulb of the penis or the vulva causes contraction of the anal sphincter in normal animals 


Prioritizing care 

The results of the neurological examination help to 
identify which parts of the nervous system show evi- 
dence of malfunction. The next step is to determine 
what disease process is likely to be causing the 
neural dysfunction. This may not always be possible 
in the emergency room environment. Therefore, the 
clinician should attempt to identify problems that can 
immediately endanger the life of the patient, which 
include loss of consciousness and coma, head trauma 
and seizures or status epilepticus. These will be ad- 
dressed first in this chapter. 

Vascular disease and its associated complications, 
whilst common in human patients, rarely result in criti- 
cal disease in veterinary patients. Metabolic encepha- 
lopathies, vestibular and cerebellar disorders, 
diseases causing paraparesis or tetraparesis and 
diseases causing episodic weakness are unlikely to 
result in the sudden death of the patient. However, 
failure to identify these disorders and institute appro- 
priate therapy promptly may result in deterioration of 


the patient with possible life-long consequences. For 
example, it is common for a client to discontinue fur- 
ther therapy once a dog with neuromuscular disease 
deteriorates to the point of developing aspiration 
pneumonia. It is also common for a client to elect to 
euthanase a dog that is paraplegic but otherwise nor- 
mal. Spinal cord and neuromuscular disorders will be 
presented at the end of this chapter. 


Loss of consciousness and coma 


Stupor is a state of depressed consciousness in which 
the animal is responsive only to strong, often noxious 
stimuli. Coma is a state of unconsciousness in which 
the animal is not aroused even by noxious stimuli. Both 
may result from: severe, bilateral and diffuse dysfunc- 
tion of the cerebral hemispheres; destructive lesions 
of the brainstem; compression of the brainstem due to 
a mass or occipital lobe herniation; severe metabolic 
encephalopathies or severe vascular disease. 
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Evaluation of the stuporous or comatose 
patient 

The neurological examination should be used to local- 
ize the likely site of the pathology leading to the stupor/ 
coma. Regardless of neurolocalization, gait and postural 
ability are non-existent in stuporous or comatose ani- 
mals. Segmental reflexes are normal or hyper-reflexive. 


Cerebral hemispheres/diencephalon 


Cranial nerves: Diffuse bilateral disease of the cerebral 
hemispheres and diencephalon may cause blindness 
and bilaterally miotic pupils that are responsive to light. 
No abnormalities of physiological nystagmus are found. 


Other: Cheyne-Stokes respiratory pattern may occur 
(periods of tachypnoea interspersed with prolonged 
apnoea). Rhythmic walking movements may be 
elicited if the animal is supported. 


Brainstem 


Cranial nerves: The animal may or may not respond 
to visual testing. Unilateral or bilateral fixed mid- 
position or dilated pupils, ipsilateral or bilateral ventro- 
lateral strabismus and abnormal or absent physio- 
logical nystagmus may occur. Absent physiological 
nystagmus may be a poor prognostic sign in animals 
with brainstem disease. Physiological nystagmus oc- 
curs as a result of vestibular centre projections to the 
nuclei of cranial nerves Ill, IV and VI along the medial 
longitudinal fasciculus (MLF). The MLF runs deep 
within the brainstem, and as a result lesions that are 
severe enough to disrupt the MLF indicate severe 
brainstem damage. However, depressed or absent 
oculovestibular movements have also been seen in 
some animals with severe metabolic disease, and 
have resolved following therapy of the underlying 
metabolic defect. Signs of cranial nerve V-XII dys- 
function may occur. 


Other: Apnoea or hyperventilation may occur. A de- 
cerebrate posture may be seen with extension of all 
four limbs and opisthotonus. 


Causes and treatment of stupor or coma 


Diffuse dysfunction of the cerebral hemispheres 
Inflammatory diseases, lysosomal storage diseases, 
metabolic diseases, neoplasia with associated oedema, 
and hydrocephalus can cause signs of diffuse, cerebral 
hemisphere/diencephalic dysfunction. Treatment is 
directed at the inciting cause and at decreasing intra- 
cranial pressure (ICP) (see Head trauma). 


Brainstem disease 


Destructive brainstem disease: Neoplasia and 
encephalitis of the brainstem may result in an acute 
or progressive onset of brainstem dysfunction. 
Chemotherapy, antimicrobials/antifungals or anti- 
inflammatories may be required. Trauma and haemor- 
rhage in the brainstem may also result in acute onset 
of dysfunction. Traumatic brainstem haemorrhage is 
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treated by support of the patient with careful monitor- 
ing. When haemorrhage is due to an underlying clot- 
ting disorder this should be treated specifically if 
possible (see Chapter 13). 


Herniation: Neoplasia, inflammation (e.g. canine dis- 
temper virus, granulomatous meningoencephalitis, 
necrotizing encephalitis, feline infectious peritonitis, 
toxoplasmosis/neosporosis, mycotic diseases) or 
trauma of the cerebral hemispheres may result in in- 
creased ICP, unilateral or bilateral occipital lobe her- 
niation and brainstem compression. Herniation is often 
preceded by hours to days of progressive cerebral 
hemisphere/diencephalon dysfunction, including pro- 
gressive depression of consciousness. Occipital lobe 
herniation is suspected from the development (over 
hours to days) of unilateral or bilateral non-responsive 
dilated or mid-position pupils; progressive loss of physi- 
ological nystagmus; and alterations in respiratory pat- 
terns. Interestingly, significant occipital lobe herniation 
can occur even in the absence of clinical signs 
(Walmsley et al., 2005). Herniation of the cerebellum 
through the foramen magnum may result in apnoea. 
Increases in ICP causing herniation should be treated 
without delay by the methods discussed in the section 
on head trauma. 


Metabolic causes 

Metabolic disease and toxins rarely result in deficits 
related to discrete lesions of the nervous system. 
Rather, bilaterally symmetrical deficits that suggest 
diffuse cerebrocortical dysfunction or diffuse brain dis- 
ease are usual. Signs are often progressive. Evidence 
of vision is present until stupor is profound or coma 
occurs. Pupils are responsive and usually of normal 
diameter but may be bilaterally miotic. Physiological 
nystagmus is generally present unless profound stu- 
por or coma occurs. Metabolic causes for stupor or 
coma include: diabetic coma, heat stroke, hepatic 
encephalopathy, hypo- and hypernatraemia, hypogly- 
caemia, hypothyroid coma, hypoxia, renal enceph- 
alopathy and thiamine deficiency (see later). Toxic 
causes include heavy metals, ethylene glycol, barbit- 
urates, narcotics, ivermectin and tranquillizers. Intoxi- 
cation is treated by gastric lavage, activated charcoal, 
specific antidotes and chelating agents and by sup- 
port of the patient (see Chapter 19). 


Vascular causes 

Stupor or coma may result from infarction/haemor- 
rhage of the midbrain, or from infarction/haemorrhage 
in the cerebral hemispheres and diencephalon, result- 
ing in increased ICP and occipital lobe herniation. 
Causes of cerebrovascular accidents in animals include 
trauma, metastatic neoplasia, coagulation disorders, 
cardiac disease, hypertension, parasitic emboli and 
feline ischaemic encephalopathy, although it is most 
common that an underlying cause is not identified. 
Predisposing vascular disease, so common in 
humans, is rare in animals. If vascular disease is sus- 
pected, coagulation screens and blood pressure 
should be assessed. Infarction is treated by support- 
ing the patient, treating any underlying disease and 
decreasing ICP. 


Head trauma 


Aglobal assessment of the patient must be performed, 
paying specific attention to ensuring a patent airway, 
providing respiratory support if necessary and main- 
taining cardiovascular function. Ideally, the initial as- 
sessment should be performed on a board or firm table 
where the neck and back can be immobilized and 
assessed for fractures or luxations. Manipulation for 
radiography of any suspicious areas should be done 
with care. The nasal cavity, ear canals and nasopha- 
ryngeal region should be examined for haemorrhage, 
which may imply a skull fracture with the possibility of 
entry of bacteria into the brain. The jugular vein should 
not be used to collect blood since even temporary 
occlusion may increase ICP. 


Neurological assessment 

In general, trauma to the cerebral hemispheres causes 
less severe neurological dysfunction and a better prog- 
nosis than trauma to the brainstem. Trauma to the cer- 
ebellum alone is uncommon. The progression of clinical 
signs over time plays a large role in determining prog- 
nosis. Deterioration of mental status may indicate in- 
creasing ICP and the possibility of impending brain 
herniation, therefore immediate therapeutic interven- 
tion is necessary. Prolonged (greater than 48-72 hours) 
stupor or coma suggests severe brainstem disease and 
indicates a poor prognosis. In general, pupillary abnor- 
malities which become normal over time are a good 
prognostic sign; pupils which change to mydriasis or to 
mid-position and are unresponsive to light, and loss of 
normal physiological nystagmus are poor prognostic 
signs indicating oedema, herniation and compression 
of the brainstem, warranting more aggressive interven- 
tion. Progressive alterations in breathing patterns, or 
increases in mean arterial blood pressure accompa- 
nied by bradycardia, may indicate increases in ICP 
requiring immediate therapy. 


Intracranial pressure 

The objective of management of head trauma is to pre- 
vent the brain from undergoing any further insult due 
to ischaemia, inflammatory mediators or the effects of 
increased ICP. Findings indicative of raised ICP include: 
papilloedema; abnormal pulsing of retinal vessels; 
depression, stupor or coma; and elevated blood pres- 
sure with a low heart rate. ICP is rarely measured 
directly in small animal patients, therefore, increased 
ICP is frequently suspected but rarely confirmed. 

ICP is the pressure exerted by tissues and fluids 
within the cranial vault. In normal animals, ICP ranges 
between 5 and 12 mmHg. Three ‘compartments’ ex- 
ist within the skull: brain parenchyma (80%), blood 
(10%), and cerebrospinal fluid (CSF) (10%). If ICP is 
to remain constant, an increase in the volume of one 
of these components must be accompanied by a de- 
crease in the volume of one (or both) of the others. In 
most diseases affecting the brain, a volume increase 
occurs in one or more compartments. Most commonly 
this is in the form of cerebral oedema which adds to 
the volume of brain parenchyma, although haemor- 
rhage and hydrocephalus can also add to the volumes 
of blood and CSF respectively. In the initial stages of 
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an increase in intracranial volume, mechanisms exist 
to minimize the consequent rise in ICP, first by dis- 
placing CSF out of ventricles into the subarachnoid 
space outside the skull, and then by reducing the blood 
volume contained within intracerebral vessels. How- 
ever, once this initial compliance has been exhausted, 
small increases in volume of any compartment result 
in large increases in ICP in an exponential fashion. 

A separate, but related, concept is that of cerebral 
perfusion pressure (CPP). CPP determines the cere- 
bral blood flow (CBF) and therefore the delivery of 
oxygen and nutrients to brain tissue. CPP is defined 
by the following equation: 


CPP = MAP — ICP 


where MAP is mean arterial pressure. In patients with 
mean arterial blood pressure in the normal range 
(50-150 mmHg), ICP is maintained within normal lim- 
its by the phenomenon of pressure autoregulation: as 
blood pressure rises, vasoconstriction occurs to mini- 
mize the volume of blood within the cerebral vascula- 
ture and thus prevent increases in ICP. Conversely, if 
ICP rises, autoregulation of cerebral perfusion should 
result in an elevation of MAP in an attempt to maintain 
CPP. This increased MAP may then provoke a barore- 
ceptor-mediated bradycardia, the so-called Cushing 
reflex. However, if ICP rises excessively, autoregula- 
tory mechanisms may not be sufficient to compensate. 
This is especially true if there is a concurrent drop in 
MAP, leading to a drop in CPP and insufficient blood 
delivery to the brain, resulting in tissue hypoxia and 
ultimately necrosis of brain tissue. Importantly, in re- 
gions of the brain that have suffered significant trauma, 
these mechanisms do not function normally, and may 
fail even before ICP rises above the normal range. 

Tissue hypoxia and necrosis result in a complex 
chain of biochemical events that culminate in progres- 
sive cerebral oedema, setting up a self-propagating 
spiral of rising ICP. In this situation, systemic blood 
pressure may rise and heart rate may fall, in a last- 
resort attempt to maintain cerebral perfusion. For this 
reason, it is vital to monitor the patient's blood pres- 
sure if there is concern about elevated ICP. 


Treatment 

The following treatment recommendations are made 
by the authors for the care of the closed head trauma 
patient (Bagley, 1996). 


Elevate the head and neck at a 30-degree angle 
above heart level 

The patient may be placed on a solid board and the 
board elevated at a 30-degree angle, thereby facili- 
tating venous drainage from the cranial vault. It is 
important to avoid bending the neck by elevating the 
head only. Make sure no blankets compress the jugu- 
lar veins, which would decrease venous drainage. 


Control of ventilation 

Hyperventilation can rapidly decrease ICP because 
hypocapnia causes cerebral vasoconstriction, thereby 
decreasing CBF. Studies have revealed, however, that 
its clinical use may be contraindicated (Obrist et al., 
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1984; Muizelaar et al., 1991; Fortune et al., 1995; 
Skippen et al., 1997). After cranial trauma, oxygen ex- 
traction is maximal and blood flow is the limiting factor 
for cerebral oxygen utilization. Cerebral vasoconstric- 
tion induced by hypocapnia should therefore be avoided 
because oligaemia might result in inadequate cerebral 
oxygen delivery. Assisted ventilation is recommended 
if P,CO, (as determined by blood gas analysis, or in- 
ferred from capnography) is elevated, but the goal 
should be to maintain it within normal limits (35-45 
mmHg). For the same reasons, hypoxaemia must be 
avoided and positive pressure ventilation should be 
considered to maintain oxygenation if the patient is 
stuporous or comatose. If the patient is not stuporous 
and is stable, supplemental oxygen, in the form of nasal 
oxygenation or via an oxygen cage, may be provided. 


Maintainence of perfusion 

Hypotension, hypoxia and hypertension must be 
avoided. In order to maintain CPP, fluid therapy should 
be used to maintain mean arterial pressure between 
70 and 110 mmHg (see Chapters 3 and 4). Hypoten- 
sion that is non-responsive to fluid therapy should 
be treated with inotropes or pressors as indicated. 
Hypertension due to excitement and pain may be 
addressed with sedation or analgesics. Occasionally, 
a comatose animal may present with hypertension and 
bradycardia (Cushing reflex) due to increased ICP; 
treatment should be aimed at decreasing ICP. 


Furosemide and mannitol 

Mannitol can rapidly decrease ICP by drawing water 
out of oedematous cells into the intravascular space 
by osmosis, and then inducing an osmotic diuresis. Its 
effect is greatest 30-60 minutes after administration, 
and lasts 2—4 hours. A dose of 0.5—1 g/kg of a 25% 
solution administered over 20 minutes can be repeated 
every 3-8 hours, with a maximum of three doses over 
a 24-hour period. Mannitol causes an initial expansion 
followed by a significant contraction of the intravascu- 
lar volume and is therefore contraindicated in patients 
with shock, hypotension, dehydration, congestive heart 
failure, anuric renal failure or pulmonary oedema. Se- 
rum electrolytes and osmolality should be monitored 
because of the potential for free water loss in the diu- 
resis. Furosemide (1—4 mg/kg i.v.) may be given as a 
bolus prior to administration of mannitol. The aim is to 
prevent an initial rise in ICP associated with the ex- 
panded intravascular volume that occurs immediately 
following mannitol administration. Furosemide should 
be avoided in hypovolaemic patients. 


Corticosteroids 

Although steroids are frequently used to treat head 
trauma, there is little evidence to support their effi- 
cacy, and they are currently not part of the standard 
of care for patients with head trauma in our hospital. 


Craniotomy 

Craniotomy produces a rapid decrease in ICP and may 
be performed when managing skull fractures with 
depressed displacement of bone more than the thick- 
ness of the calvarium in the fractured area, to remove 
projectiles, or to treat progressive increases in ICP 
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that are refractory to medical management. In the 
future, the routine availability of ICP monitoring and 
computerized tomography (CT) may aid in determin- 
ing when craniotomy is necessary. 


Anaesthetic concerns 

In patients with head trauma, drugs that do not increase 
ICP or cause large changes in blood pressure should 
be used. Premedication may be limited to use of an 
intravenous benzodiazepine immediately prior to induc- 
tion. This minimizes the required dose of induction 
agents and their cardiovascular effects. Opioids do not 
increase ICP unless there is associated respiratory 
depression. Lidocaine (2 mg/kg i.v.) may be given for 
its antitussive effect immediately before intubation. 
Isoflurane is the maintenance agent of choice, because 
cerebral autoregulation is preserved if the inspired 
concentration is <1.5 x MAC (minimum alveolar con- 
centration). When inhalants are contraindicated or in- 
sufficient, supplemental agents such as fentanyl or 
propofol may be used. During anaesthesia, end-tidal 
carbon dioxide monitoring (or blood gas analysis) 
coupled with intermittent positive pressure ventilation 
(IPPV) is important to maintain arterial carbon dioxide 
levels within normal limits of 35-45 mmHg. Hyper- or 
hypoventilation must be avoided. 


Sedation 

Frequently, trauma-related pain or agitation may 
result in the patient flailing or constantly vocalizing. 
Both behaviours may increase ICP. Diazepam 
(0.2-0.5 mg/kg) or phenobarbital (5 mg/kg) may be 
used to sedate the patient, potentially combined 
with butorphanol (0.2—0.4 mg/kg) or other narcotics, 
especially if the patient is thought also to be in pain. 
Cardiorespiratory function must be carefully moni- 
tored. In the rare instance when these drugs do not 
result in a calm patient, small doses of acepromazine 
(0.01-0.02 mg/kg i.v.) may be given. Although 
acepromazine has been implicated in increasing the 
possibility of seizure induction, the authors have not 
found this to be common. 


Seizures result from a sudden uncontrolled discharge 
of neurons in the cerebral cortex or diencephalon. 
The manifestation of a seizure depends on the area 
and extent of the brain affected by the abnormal elec- 
trical activity. Primary generalized seizures occur 
when both cerebral hemispheres are affected. The 
patient may show symmetrical abnormalities of 
movement of the head and limbs (tonus, clonus, 
atony, myoclonus) with a loss of consciousness. 
Partial seizures occur when a group of neurons ina 
region of the cerebral cortex is affected. The patient 
shows signs indicative of stimulation of the cortical 
region: asymmetrical signs such as tonus or clonus 
of one or more limbs, turning the head and neck to 
one side, and twitching of one side of the face, or 
sudden changes in behaviour may occur. Conscious- 
ness may or may not be affected and focal seizures 
may or may not progress to generalized seizures. 


The term ‘epilepsy’ means recurrent seizures. 
Epilepsy may be classified according to its cause into 
three categories: idiopathic, symptomatic and crypto- 
genic (Berendt and Gram, 1999). Idiopathic epilepsy 
is the consequence of intrinsic chemical abnormali- 
ties that are not associated with structural cerebral 
pathology or extracranial disease. It is characterized 
by predominantly generalized seizures that typically 
begin between 6 months and 5 years of age. The ani- 
mal is neurologically normal during the inter-ictal 
period. A hereditary cause may or may not be found. 
Symptomatic (secondary) epilepsy occurs when struc- 
tural disease of the brain (brain tumours, encephali- 
tis, malformations, sclerosis or trauma) provokes 
seizures. It is characterized by partial or generalized 
seizures that may begin at any age. The animal 
frequently, but not always, has neurological deficits 
that are recognized during the inter-ictal period. 
Cryptogenic epilepsy is used to designate recurrent 
seizures for which a symptomatic cause is suspected 
but has not been found. It is suspected when an ani- 
mal has partial seizures, but brain imaging does not 
reveal a structural cause for the seizures. 

Single or recurrent seizures can also occur due to 
extracranial disease, in which the normal brain is 
stressed by metabolic or toxic abnormalities (e.g. 
hepatic encephalopathy, uraemic encephalopathy, 
hypoglycaemia, hypocalcaemia, polycythaemia and 
toxins) (Podell et a/., 1995). These have been referred 
to as reactive seizures. 


Obtaining a good history 
When presented with a patient who is having seizures 
the goals are: 


* To confirm that the event is/was a seizure 

* To stop the seizure and treat secondary 
metabolic derangements 

* To determine the cause of the seizure. 


Confirmation that a seizure occurred is based on 
the owner's description of the event or observation of 
the event by the veterinarian (either directly or by ob- 
serving videotape). Non-convulsive seizures and sud- 
den changes in behaviour present the most difficulty 
in determining whether or not a seizure has occurred. 
Differential diagnoses must include syncope, cata- 
plexy, narcolepsy and behavioural disorders. While 
electroencephalography could be used to confirm 
epileptiform activity in the brain, it is not routinely per- 
formed due to the need for sedation. 

The following questions may be asked of the cli- 
ent while assessing the patient. 


+ What did the seizure look like? What did the 
animal look like immediately before and 
immediately following the seizure? The presence 
of pre- or post-ictal signs may help confirm that a 
seizure has occurred and may suggest a 
structural cause if a partial seizure is described. 

* Is the animal vaccinated? 

* Has there been any exposure to toxins? 
Strychnine, lead, mercury, metaldehyde, moulds, 
organophosphates, chlorinated hydrocarbons, 
ethylene glycol, amphetamines, caffeine, 
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theobromine, cocaine, 5-fluorouracil, ivermectin 
and others may cause seizures. 

* Has the animal had seizures in the past? Is the 
animal currently taking anticonvulsants? How 
many seizures have occurred within the past 
year, 6 months or month? Generalized seizures 
occurring infrequently over years suggest 
idiopathic epilepsy or a static, structural lesion. 

* How old is the animal? The onset of seizures in 
dogs due to idiopathic epilepsy is principally 
between 6 months and 5 years of age. Idiopathic 
epilepsy is uncommon in cats. 

* What time of day did the seizure occur? 
Seizures following feeding may be associated 
with hepatic encephalopathy. Seizures occurring 
when a meal has been missed, soon before a 
meal or associated with exercise may indicate 
hypoglycaemia. 

* ls the animal neurologically normal between 
seizures? Animals with idiopathic epilepsy appear 
normal between seizures. Animals with symptomatic 
epilepsy may be normal between seizures or may 
be behaviourally abnormal, dull, circle, or show 
other signs of nervous system disease. These 
animals may also show signs of systemic disease. 


Clinicopathological testing 

Ideally blood should be drawn for analysis prior to ini- 
tiating therapy. It is recommended that a complete 
blood count, blood smear evaluation for inclusion bod- 
ies (seen with canine distemper virus infection) and 
nucleated red cells (seen with lead toxicity), urinaly- 
sis and blood gas measurements be performed. Lev- 
els of serum electrolytes, blood glucose, alanine 
aminotransferase, blood urea nitrogen, serum ammo- 
nia, serum creatinine, albumin and cholesterol should 
be determined. Additional serum may be refrigerated 
for future determination of anticonvulsant, insulin, thy- 
roid hormone or bile acid concentrations, or for anti- 
body titres for infectious diseases. 

Seizures due to metabolic causes require specific 
therapy in addition to anticonvulsant medications (see 
Abnormal mental status and metabolic encephalo- 
pathies for the treatment of hypoglycaemia, hypocal- 
caemia and thiamine deficiency). 

Status epilepticus and cluster seizures may result 
in hypoxia, acidosis and/or hyperthermia, which re- 
quire specific treatment. Seizures commonly result in 
hyperglycaemia. Rarely, however, prolonged status 
epilepticus may result in hypoglycaemia and the 
patient may require supplementation with dextrose. 


Treatment 
If the seizure lasts less than 2 minutes and is not re- 
peated, no medication is required. 


Seizures over 2 minutes, seizure clusters or 
status epilepticus 

Cluster seizures are two or more seizures occurring 
over a 24-hour period. Status epilepticus is defined 
as a seizure which lasts longer than 5 minutes, or 
recurrent seizures without recovery of full conscious- 
ness between seizures. Initial treatment recommen- 
dations include: 
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« Diazepam: 0.2-0.5 mg/kg i.v. or 0.5—1.0 mg/kg 
rectally, may be repeated two to three times over 
5-10 minutes 
Phenobarbital: a loading dose of 16 mg/kg i.v. is 
given divided into three or four doses over 
several hours. It may take up to 30 minutes 

before an effect is noted. If the animal is 
currently on an adequate dose of phenobarbital, 
there is little evidence that increasing the dose 
by another 16 mg/kg has any beneficial effect 

* Diazepam and phenobarbital may be given 
concurrently. 


If status epilepticus or cluster seizures continue, 
one of the following regimens may be used: 


* Continuous rate intravenous infusion of 
diazepam administered at a rate of 0.1-0.5 
mg/kg/h in a 5% dextrose solution 

* Intravenous administration of 10-20 mg/kg 
thiopental (given as 2—4 mg/kg boluses to 
effect), endotracheal intubation with or without 
isoflurane anaesthesia 

+ Intravenous administration of 6 mg/kg propofol 
(given as 1-2 mg/kg boluses to effect), followed 
by a continuous rate intravenous infusion of 
propofol at 0.1—0.2 mg/kg/min. If hepatic disease 
is suspected, propofol may be more appropriate 
than administration of barbiturates 

* Intravenous administration of 2—6 mg/kg 
pentobarbital. This drug may lead to prolonged 
anaesthesia. Although a total dose of up to 15 
mg/kg can be used, this should be administered 
as small boluses of 2-3 mg/kg. There should be 
at least 15 minutes between these boluses due 
to the prolonged nature of the drug's effects. 


When intermittent dosing of diazepam or pheno- 
barbital does not control seizures and any of the above 
protocols are used, profound sedation may result. 
Endotracheal intubation and careful monitoring of res- 
piratory and cardiovascular status may be required. 
The patient should be anaesthetized for 15-30 min- 
utes with propofol or thiopental. If seizures continue 
after recovery from anaesthesia, repeated anaesthe- 
sia for longer periods of time may be attempted. If 
seizures continue after a more prolonged period of 
anaesthesia, patients should receive a loading dose 
of potassium bromide (400 mg/kg) either rectally or 
via stomach tube before recovery from anaesthesia 
is once again attempted. 


Maintenance medication 


* Phenobarbital (3-5 mg/kg orally every 12 hours). 
Serum concentration attains a steady state 
within 2 weeks, 
or 

* Potassium bromide (30—40 mg/kg orally every 
24 hours). Serum concentration attains a steady 
state in 2—4 months. 


Prognosis 

Idiopathic epilepsy is rarely life threatening unless sta- 
tus epilepticus develops. However, blindness, weak- 
ness or changes in behaviour may continue for days 
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to weeks following a seizure and may be made 
temporarily worse by anticonvulsant medications. If 
status epilepticus does occur, it is important to treat 
secondary problems such as hyperthermia, metabolic 
disturbances, aspiration pneumonia, acid—base imbal- 
ance and myoglobinuria. 

Animals with symptomatic epilepsy require further 
diagnostic testing including CSF analysis and brain 
imaging. If symptomatic epilepsy is suspected, medi- 
cation in addition to anticonvulsants may be required 
(e.g. mannitol, steroids, antifungals, antibacterials). 
Animals with reactive epilepsy require treatment of 
the underlying metabolic disease. 


Abnormal mental status 


Abnormal mental status may result from disease of 
the cerebral hemispheres or brainstem, with the most 
common emergency presentations being due to en- 
cephalitis, neoplasia or metabolic encephalopathy. 


Encephalitis 

Common causes of encephalitis in dogs include 
steroid-responsive meningitis/arteritis, protozoal dis- 
eases (Toxoplasma, Neospora), canine distemper 
virus, inflammatory diseases in which no aetiological 
agent can be identified (granulomatous meningo- 
encephalitis (GME), necrotizing encephalitis) and, in 
some locations, rickettsial diseases (Rocky Mountain 
spotted fever, Ehrlichia) and fungal diseases (Crypto- 
coccus, Blastomyces, Aspergillus). In cats, feline in- 
fectious peritonitis, feline immunodeficiency virus, 
Toxoplasma and fungal disease are the most com- 
mon causes of encephalitis. 

Animals with encephalitis are commonly de- 
pressed or disorientated, and a recent onset of sei- 
zures is common. Evidence of systemic disease is 
useful in making a tentative diagnosis of some causes 
of encephalitis but two of the more common causes, 
GME and necrotizing encephalitis, are typically not 
associated with extracranial disease. Examination of 
the ocular fundus is strongly recommended, since 
ocular disease occurs commonly with some encepha- 
litides (canine distemper virus, Toxoplasma, Crypto- 
coccus, feline infectious peritonitis) and since the 
presence of papilloedema is supportive evidence for 
increased intracranial pressure. 

It is useful to submit titres for infectious diseases, 
but the results of these tests may not be available 
for several days. CSF analysis may reveal fungal 
organisms (occasionally) or inclusion bodies (rarely) 
but more commonly shows inflammation without evi- 
dence of aetiology. CSF is readily collected under 
general anaesthesia at the cerebellomedullary cis- 
tern using a spinal needle (Figures 9.2 and 9.3). 
Normal CSF protein is <0.25 g/l and normal cellularity 
is <4 white blood cells per microlitre. Some CSF 
analysis findings support specific diagnoses. For 
example, a mononuclear pleocytosis with mild to 
moderate increases in protein is consistent with 
GME, necrotizing encephalitis and lymphoma. Mod- 
erate increases in neutrophils in addition to mono- 
nuclear cells may be seen with GME, toxoplasmosis, 


Anatomical landmarks for atlanto-occipital CSF 
- collection. A = wings of the atlas vertebra. 

B = occipital protruberance. Reproduced from the 

BSAVA Manual of Canine and Feline Neurology. 3rd 

edition. 


neosporosis and fungal disease. Marked increases 
in neutrophils are common with feline infectious peri- 
tonitis and steroid-responsive meningitis/arteritis. 
Moderate to marked increases in eosinophils can be 
seen with parasitic diseases, protozoal diseases and 
eosinophilic meningitis. 

When encephalitis is suspected, the clinician must 
frequently institute therapy prior to obtaining a defini- 
tive diagnosis through titres or biopsy. Emergency 
therapy should therefore be directed at the most com- 
mon causes of encephalitis found in the geographic 
region. For example, in the Philadelphia region, treat- 
ing dogs with doxycycline and prednisolone is com- 
mon, due to the prevalence of Rocky Mountain spotted 
fever, GME and necrotizing encephalitis in our patient 
population. Mannitol may also be required to treat 
increases in intracranial pressure. When a definitive 
diagnosis is made, therapy is altered to treat the 
specific cause. 
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Neoplasia 

Primary intracranial neoplasia is one of the most com- 
mon causes of altered mental status and seizures in 
older patients (Troxel et al., 2003; Snyder et al., 2006). 
Definitive diagnosis in an emergency setting may 
be hindered by the absence of advanced imaging 
capabilities. A CSF analysis showing a significant 
increase in protein without a significant increase in 
cellularity (albuminocytological dissociation) is sup- 
portive but not definitive for intracranial neoplasia. 
When neoplasia is suspected, the animal may be 
treated with steroids to decrease vasogenic oedema 
and mannitol to decrease ICP, until the brain can be 
imaged with CT or MRI. 


Metabolic encephalopathies 

Metabolic encephalopathies result in seizures, bilat- 
erally symmetrical signs of cerebrocortical dysfunc- 
tion, or signs of diffuse brain disease. Abnormalities 
of mental status may progress to stupor and coma 
(see Loss of consciousness and coma). History 
and blood work are essential in determining that the 
signs are due to metabolic disease. However, CSF 
analysis, titres for infectious disease and brain 
imaging are frequently necessary to rule out other 
causes of encephalopathy. 


Calcium 
Hypocalcaemia (serum calcium <1.6 mmol/l; ionized 
calcium <0.6 mmol/l) may cause muscle twitching and 
spasms, disorientation, restlessness and seizures. 
Intravenous administration of 10% calcium gluconate 
(50—150 mg/kg) over 15 minutes, followed by calcium 
gluconate diluted in saline and given subcutaneously 
(50-150 mg/kg q6-8h; Feldman, 2005) or 10 mg/kg/ 
hi.v. by continuous rate infusion (CRI) often resolves 
Clinical signs until the specific cause is identified. Hypo- 
glycaemia and hypomagnesaemia may occur concur- 
rently and supplementation may be necessary. 
Diazepam may be necessary to control seizures. 
Hypercalcaemia (>3.0 mmol/l) may cause muscle 
weakness, seizures, depression, stupor or coma. Di- 
uresis with 0.9% sodium chloride i.v. and furosemide 
may be performed until the cause is determined. 


Sodium 

Severe hyponatraemia (Na*<120 mmol/l) may cause 
disorientation, seizures, stupor or coma. Ideally, 
plasma sodium concentration is corrected at the rate 
at which it was lost, i.e. acute decreases in plasma 
sodium may be corrected quickly, while chronically 
low sodium concentrations should be gradually in- 
creased. Excessively rapid correction of chronic hypo- 
natraemia (>10 mmol/l/day) may cause weakness, 
hypermetria, ataxia and myoclonic jerking of the limbs 
3-5 days after treatment (O'Brien et al., 1994). 

If hypernatraemia (Na*>170 mmol/l) occurs 
acutely, restlessness, irritability, seizures, stupor and 
coma may occur. If hypernatraemia is chronic, only 
depression and disorientation may be noted. Chronic 
hypernatraemia must be treated slowly, at a correc- 
tion rate no greater than 0.5 mmol/I/h (over 2-3 days) 
to avoid cerebral oedema. Further details can be found 
in Chapter 5. 
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Glucose 
Hypoglycaemia (blood glucose <2.5 mmol/l) may 
cause weakness, muscle tremors, blindness, seizures, 
stupor or coma. Intravenous administration of 0.5 g/kg 
of 10-25% dextrose solution may be given until signs 
resolve. Anticonvulsants may be necessary to control 
seizures. When an insulin-secreting tumour is present, 
dextrose (by CRI), diazoxide (10 mg/kg qi2h) and 
prednisolone (0.5 mg/kg/day) are often necessary to 
maintain serum glucose concentrations. 
Hyperglycaemia and hyperosmolality (>340 
mOsm/l) may cause stupor and coma. Sodium chlor- 
ide 0.45—-0.9% i.v. and insulin may be given to gradu- 
ally correct hyperglycaemia over 24-36 hours and 
reduce the risk of cerebral oedema. Potassium sup- 
plementation should be provided (see Chapter 16). 


Heat stroke 

A body temperature of >41°C may result in blindness, 
ataxia, disorientation, stupor or coma. Cooling and 
hydrating the patient and correcting any acidosis, 
hypernatraemia, hypokalaemia, hypophosphataemia 
and hypocalcaemia are recommended. If neurologi- 
cal dysfunction progresses, increased ICP may be 
present (see Head trauma for treatment). 


Hepatic encephalopathy 

Disorientation, pacing, blindness and circling often 
develop with hepatic encephalopathy; seizures, stu- 
por and coma occur less often. Treatment is directed 
at decreasing the intake and absorption of protein- 
derived toxins from the large intestine (Bunch, 1995). 
Warm-water cleansing enemas and lactulose enemas 
retained for 20 minutes (20 ml/kg of 3 parts lactulose 
to 7 parts water) may be given every 4—6 hours. Neo- 
mycin sulphate (22 mg/kg orally q8h) and metronida- 
zole (7.5 mg/kg orally q8h) may be administered to 
decrease the bacterial load. Serum glucose and potas- 
sium concentrations should be monitored and deficits 
corrected. Hydration should be maintained and gas- 
trointestinal bleeding must be controlled. Hepatic 
encephalopathy is associated with the presence of 
increased numbers of GABA receptors, and admini- 
stration of GABA receptor antagonists such as 
flumazenil (20 ug/kg i.v.) may result in improved mental 
status in these patients. 

Seizures occasionally occur after surgery for 
portosystemic shunt ligation. These seizures are noto- 
riously difficult to control with phenobarbital or diaze- 
pam. The use of potassium bromide or propofol has 
been more effective, however, the prognosis for many 
of these animals remains poor, and postmortem exami- 
nation has revealed severe cerebrocortical necrosis. 


Hypoadrenocorticism 

Depression, lethargy, weakness and shock may 
occur. Depending on the severity of signs, intravenous 
0.9% saline, dexamethasone sodium phosphate 
(0.5-2.0 mg/kg), dextrose and/or sodium bicarbon- 
ate may be necessary (see Chapter 16). 


Hypoxia and ischaemia 

Changes in mental status, blindness and ataxia may 
occur with P,O, values <55 mmHg, especially if hy- 
poxia is also associated with decreased cerebral blood 
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flow, for example following successful resuscitation 
from cardiopulmonary arrest. Treatment includes pro- 
viding supplemental oxygen, treating the underlying 
cause of the hypoxia and if necessary providing man- 
nitol to decrease cerebral oedema. Blindness and 
changes in mental status will often resolve over weeks 
but may be permanent. 


Lead poisoning 

Whole blood lead concentrations >1.932 umol/| 
may result in dementia and seizures, in addition to 
gastrointestinal signs. Chelation therapy with EDTA, 
D-penicillamine, or succimer (10 mg/kg orally q8h for 
10 days; Ramsey et al., 1996) are specific therapies 
for intoxication, along with removal of the source of 
lead if appropriate. 


Renal encephalopathy 

Severe uraemia due to acute renal failure may result 
in seizures. Chronic renal failure more commonly 
causes mental dullness, weakness, muscle twitching 
and myoclonus. Treatment is aimed at monitoring 
blood pressure and maintaining hydration, acid—base 
status and electrolyte concentrations. 


Thiamine deficiency 

This is usually caused by a deficiency of dietary thia- 
mine, through cooked food or a diet high in fish con- 
taining thiaminase. Clinical signs include signs of central 
vestibular disease, ataxia, ventroflexion of the head and 
neck, bilaterally dilated fixed pupils and seizures, stu- 
por and coma. Thiamine hydrochloride (10—20 mg/kg 
i.v.) is used to treat signs and repeated intramuscularly 
or subcutaneously daily until improvement is noted. 


Thyroid hormone 
Hypothyroidism (myxoedema crisis) may result in 
depression, disorientation, stupor or coma, most com- 
monly in the Dobermann. Serum cholesterol concen- 
trations >25 mmol/l may occur. Abnormalities are 
reversible with thyroid supplementation. Respiratory 
support, glucocorticoids and intravenous L-thyroxine 
may be necessary in cases of coma (Kelly, 1989). 
Hyperthyroidism may cause restlessness, hyper- 
excitability, circling and seizures. Rarely, lethargy may 
occur. Treatment with methimazole, surgery or radio- 
active iodine resolves these signs. 


Acute vestibular or cerebellar signs 


Signs of vestibular system dysfunction which occur 
regardless of lesion location include: 


* Ataxia characterized by falling due to loss of 
balance 

* Abnormal posture characterized by leaning, 
turning of the head, neck and body and/or rolling 

* Head tilt. A head tilt exists when an imagined 
horizontal line running through both ears is tilted 
from the horizontal plane 

* Ventral strabismus of the eye. The strabismus 
may not be noted until the head is elevated or 
returned to the horizontal plane 

* Abnormal nystagmus. 


Several techniques can be used to accentuate the 
Clinical signs, for example blindfolding the animal may 
accentuate the ataxia, lifting the animal off the ground 
may increase the head tilt and rolling and placing the 
animal on its back may induce nystagmus. 

Compulsive circling (associated with disease of the 
cerebral hemispheres and diencephalon) should not 
be attributed to disease of the vestibular system. With 
compulsive circling there is no ataxia, no loss of bal- 
ance and no abnormal nystagmus. 


Localizing signs of vestibular system 
dysfunction 

Vestibular system dysfunction may result from disease 
of the inner ear (often termed peripheral vestibular 
disease) and medulla or cerebellum (often termed 
central vestibular disease). The location of the lesion 
may be determined by the presence of neurological 
deficits in addition to those listed above. 


Ear 

Disease of the inner ear alone results in only the signs 
listed above. Auditory dysfunction is rarely recognized. 
The animal falls towards the side of the lesion and 
has a head tilt and strabismus ipsilateral to the le- 
sion. The direction of the nystagmus is usually hori- 
zontal or rotatory, with the slow phase directed towards 
the side of the lesion and unchanged when the posi- 
tion of the head is altered. If the middle ear is also 
affected, signs of CN VII dysfunction and Horner's syn- 
drome may result. No postural reaction deficits occur. 


Medulla/cerebellum 
Disease of the medulla may cause changes in mental 
status. Hemiparesis and postural reaction deficits and 
dysfunction of CN V-XII may occur ipsilateral to the 
lesion. The direction of the nystagmus may be hori- 
zontal, rotatory or vertical and may change when the 
position of the head is altered. 

Disease of the cerebellum may cause dysmetria 
and menace deficits ipsilateral to the lesion, and head 
and neck tremors. 


Exceptions to rules of localization 

Bilateral peripheral vestibular disease may result ina 
wide-based stance and swaying of the body. Often, 
no abnormal nystagmus or strabismus is noted. The 
animal is severely ataxic when blindfolded or when 
lifted off the ground. 

Occasionally disease of specific sites within the 
cerebellum and medulla result in head tilt, strabismus 
and slow phase of the nystagmus directed away 
from the side of the lesion (paradoxical vestibular syn- 
drome). The postural reaction deficits are ipsilateral 
to the lesion. 


Causes and management of diseases of 
the vestibular system 


Ear 


Idiopathic labyrinthitis: Older dogs and cats of any 
age may be affected. CN VII dysfunction and Horner's 
syndrome do not occur. No abnormalities are found in 
blood, images of the bullae, deep otic examination, or 
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thyroid testing. Antibiotics are recommended if a full 
work up for ear infection is not performed but are not 
necessary to treat labyrinthitis, which is presumed to 
be of viral origin. Spontaneous recovery is common. 


Otitis interna/media: Images of the osseous bullae 
and/or deep otic examination may confirm middle ear 
disease. Treatment with cephalosporins, clindamycin, 
enrofloxacin or trimethoprim—sulphadiazine, with or 
without bulla osteotomy, is recommended. 


Other causes: Polyneuropathy, tumours, nasopha- 
ryngeal polyps and trauma involving the inner ear may 
result in vestibular system dysfunction. Hypothy- 
roidism may be associated with polyneuropathy, and 
occasionally vestibular signs resolve only after the 
institution of thyroid hormone supplementation. 
Aminoglycosides at high doses may result in deaf- 
ness and signs of peripheral vestibular dysfunction. 


Medulla/cerebellum 


Infectious/inflammatory diseases: Canine distem- 
per virus, Rocky Mountain spotted fever, Toxoplasma, 
Neospora, Cryptococcus neoformans, granulomatous 
meningoencephalomyelitis, feline infectious peritoni- 
tis, parasitic migration and other meningoencepha- 
lidites may result in vestibular system dysfunction. 


Neoplasia: This may be suspected on the basis of 
CSF fluid abnormalities and images of the brain. 


Toxicity: Metronidazole intoxication at doses greater 
than 30 mg/kg/day can result in an acute onset of ves- 
tibular system dysfunction with vertical nystagmus 
and, occasionally, seizures. Supportive care, requir- 
ing a week or more of hospitalization, results in re- 
covery, although months may be required before all 
signs resolve. Recovery may be hastened by treat- 
ment with diazepam (Evans et al., 2002). 


Metabolic: Thiamine deficiency may result in vestibu- 
lar system dysfunction. Intramuscular thiamine hydro- 
chloride (10-20 mg/kg i.m., continued until signs 
improve) can resolve the signs. 


Vascular: Infarction of the medulla or cerebellum may 
be suspected on the basis of CSF abnormalities and 
images of the brain. 


Pelvic limb paresis and paralysis 


Pelvic limb paresis and paralysis may result from a 
lesion between the third thoracic spinal cord segment 
and the first sacral spinal cord segment, as well as 
from diseases of peripheral nerve, muscle and neuro- 
muscular junction. 


Causes and management of diseases of 
the spinal cord 


Intervertebral disc disease 

Acute onset of neurological dysfunction and/or pain 
on palpation over the affected area may occur. 
Intervertebral disc protrusion/herniation may be 
confirmed by myelography, CT or MRI. Animals with 
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pain and mild ataxia/paraparesis may be treated with 
strict cage confinement for 4 weeks. Animals with mod- 
erate paraparesis or paraplegia but with intact deep 
pain sensation (assessed by looking for conscious rec- 
ognition of compression of digits with haemostats or 
bone with bone forceps) may be treated either with 
strict cage confinement or surgical decompression, 
although there is a higher rate of recovery in animals 
treated surgically. Animals initially managed with cage 
confinement that then deteriorate should be treated 
surgically, since this indicates further extrusion of the 
already-extruded disc. Animals with paraplegia and 
anaesthesia (i.e. lack of deep pain sensation) are a 
surgical emergency. If surgical decompression is per- 
formed within 24 hours of the onset of signs, there is 
an approximately 50% chance of significant recovery. 
These animals may be treated with methylpred- 
nisolone sodium succinate if seen within 8 hours of 
the onset of acute signs (30 mg/kg i.v.; then 15 mg/kg 
at 2 and 6 hours; then 2.5 mg/kg/h for 24—48 hours). 
However, there is considerable debate as to the effi- 
cacy of corticosteroids in this situation, surgical inter- 
vention is vital and potential adverse effects of 
high-dose corticosteroids should be considered. 
Patients that are managed with cage confinement 
should initially be treated with analgesics. There is 
some evidence to suggest that the use of corticoster- 
oids may be detrimental (Olby, 1999), and it is prob- 
ably safer to use opioids initially followed by a longer 
course of non-steroidal anti-inflammatory drugs 
(NSAIDs). If corticosteroids are used, prednisolone 
can be given at a dose of 0.5 mg/kg orally twice daily 
for 3 days, followed by 0.5 mg/kg once daily for 3 days, 
followed by 0.5 mg/kg every other day for 3 days. In 
all cases, it is important to check neurological status 
regularly (at least twice daily), and if any worsening 
occurs surgery should be performed immediately. 


Neoplasia 

Neoplasia may result in a gradual or sudden onset of 
Clinical signs. Imaging modalities confirm the presence 
and location of the mass. CSF rarely contains neoplastic 
cells; however examination of spinal fluid may raise 
suspicion of inflammatory disease. Biopsy yields a de- 
finitive diagnosis. Cats with lymphoma of the spinal cord 
frequently have multicentric disease, are frequently 
positive for feline leukaemia virus (FeLV) and often have 
lymphoblastic leukaemia on bone marrow aspiration 
(Spodnick et al., 1992). Signs due to spinal cord com- 
pression may respond to steroid therapy, and possibly 
decompressive surgery or radiation. Cage rest is rec- 
ommended for neoplasia associated with vertebral body 
lysis, due to the risk of pathological fracture. 


Discospondylitis 

Fever, depression and pain over the affected area are 
common. Radiographs or bone scans may reveal lysis 
of the vertebral endplates; however, no abnormalities 
may be found early in the course of the disease. Cul- 
ture of urine, blood or the affected disc may identify 
the causative organism. Treatment involves cage rest 
and antibiotics (cephalosporins, oxacillin, cloxacillin 
or tetracycline) for at least 6-8 weeks, although some 
recommend long-term therapy (Burkert et al., 2005). 
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Distemper, feline infectious peritonitis, mycotic/ 
bacterial/protozoal myelitis 

Diagnosis is aided by recognition of signs of sys- 
temic or ophthalmic disease, results of titres and 
CSF analysis. For viral infections, steroids may be 
temporarily palliative. Toxoplasmosis/neosporosis 
may be treated with clindamycin and trimethoprim— 
sulphadiazine (see below). 


Trauma 

Trauma, with or without vertebral body fracture or dis- 
location, may result in clinical signs of spinal cord dys- 
function. Plain radiography or myelography must be 
performed with extreme caution if vertebral instability 
is suspected. Patients should be strapped to a rigid 
board during the initial investigation, to prevent ex- 
cessive movement and worsening of spinal cord 
trauma. Sedation may be required if the patient strug- 
gles against the strapping. If possible, imaging should 
be performed with the animal conscious in order to 
maintain normal muscle tone and limit movement of 
the spinal column. If no deep pain sensation is present, 
myelography or CT may be considered in order to rule 
out complete spinal cord transection, which carries a 
hopeless prognosis. 

Treatment involves cage rest, methylprednisolone 
sodium succinate within 8 hours of the onset of signs 
(30 mg/kg i.v; then 15 mg/kg at 2 and 6 hours; then 
2.5 mg/kg/h for 24—48 hours), and surgical decom- 
pression and stabilization if marked spinal cord com- 
pression or vertebral column instability is present. An 
external splint applied from the scapulae to the base 
of the tail may be used to limit motion of the spinal 
column in cases of vertebral body fracture. 


Fibrocartilaginous emboli 

Signs in dogs commonly begin during a period of ex- 
ercise; mild transient pain may be noted. Signs may 
progress over the first 12 hours and then stabilize. 
Hemiparesis/paralysis may occur. Myelography may 
reveal intramedullary swelling or may be normal. 
Methylprednisolone sodium succinate (30 mg/kg i.v.; 
then 15 mg/kg at 2 and 6 hours; then 2.5 mg/kg/h for 
24—48 hours) may be given within 8 hours of the on- 
set of signs. Supportive care should be provided. 
Severity of signs and prognosis vary with the extent 
and location of the cord infarct. Infarcts occurring 
within either the cervicothoracic or lumbosacral intu- 
mescences carry a more guarded prognosis. Recov- 
ery may take months and may be incomplete. 


Causes and management of diseases of 
peripheral nerve, muscle and 
neuromuscular junction 

Diseases of peripheral nerves and muscles commonly 
result in flaccid paresis or paralysis. Clinical signs in- 
clude a short-strided gait, postural reaction deficits 
and diminished segmental reflexes. Neurogenic mus- 
cle atrophy is common. 


Toxoplasmosis/neosporosis 

In puppies, flaccid paralysis which progresses to rigid 
extension of the pelvic limbs occurs to such a degree 
that the joints are no longer able to flex, even under 


general anaesthesia. Evidence of systemic disease 
may be recognized. Increased antibody titres occur. 
Trimethoprim—sulphadiazine (15 mg/kg q12h for 2 
weeks) and clindamycin (10 mg/kg q12h for 8 weeks) 
may result in improvement of clinical signs, however, 
once hindlimb rigidity has developed, improvement 
will not occur with therapy. If only one limb is affected, 
amputation may be considered in these animals. 


Aortic thromboembolism 

Animals are in pain, limbs are cool, pulses are weak 
or absent and muscles are firm. Abdominal ultrasono- 
graphy may identify a thrombus in the aorta. Analge- 
sics, intravenous fluids, heparin, acepromazine and 
aspirin may be given. Thromboembolism has been 
associated with cardiomyopathy in cats and with 
protein-losing nephropathy in dogs (Flanders, 1986; 
Van Winkle et al., 1993). 


Others 

Hypoadrenocorticism and diabetes mellitus may cause 
hindlimb paresis in addition to signs of metabolic dis- 
ease. Diabetic cats and dogs may have a plantigrade 
stance. Control of metabolic disease commonly results 
in resolution of neurological dysfunction. Early poly- 
neuropathy or myasthenia gravis may result in signs of 
hindlimb paresis (see Episodic weakness/syncope). 


Tetraparesis and paralysis 


Tetraparesis and paralysis may result from peripheral 
nerve/muscle, cervical spinal cord and/or brainstem 
disease. Differentiating peripheral nerve and muscle 
disease from spinal cord and brainstem disease is 
essential to making the correct diagnosis. Disorders 
of the cervical cord typically result in spasticity and 
exaggerated segmental reflexes. Disorders of the pe- 
ripheral nerve/muscle result in flaccidity, diminished 
segmental reflexes and rapidly progressing muscle 
atrophy (1—2 weeks). 


Cervical cord and/or brainstem disease 
caudal to the thalamus 

For discussions of intervertebral disc disease, neo- 
plasia, discospondylitis, myelitis, trauma and fibro- 
cartilagenous emboli see Pelvic limb paresis and 
paralysis, above. 


Atlantoaxial subluxation 

Neck pain and signs attributable to disease of cervi- 
cal spinal cord segments 1-5 may occur in young 
small-breed dogs. Flexing the neck may result in pain, 
worsening of clinical signs and respiratory paralysis. 
Survey radiographs may reveal subluxation of the first 
and second cervical vertebrae (increased space be- 
tween the dorsal arch of C1 and the ventral aspect of 
the dorsal spinous process of C2) and possible ab- 
normalities of the dens. If possible, radiographs should 
be performed without general anaesthesia, to prevent 
loss of muscle tone that prevents excessive flexion 
and worsening of compression. Cage rest, corticos- 
teroid therapy and external fixation with a neck brace 
may result in improvement. Surgical stabilization may 
ultimately be required. 
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Caudal cervical spondylomyelopathy 
(‘wobblers’) 

This condition is most frequently seen in young Great 
Danes and in middle-aged Dobermanns. Signs of dis- 
ease attributable to cervical spinal cord segment 6 to 
thoracic cord segment 2 are most common. Cord com- 
pression and instability are confirmed with myelo- 
graphy. Flexed, extended and traction views of the neck 
are useful. In the emergency situation, these animals 
may be treated in a manner similar to animals with in- 
tervertebral disc disease. Without surgery, many dogs 
will eventually show a progression of clinical signs. 


Granulomatous meningoencephalomyelitis 

CSF analysis may show increases in protein, mono- 
nuclear cells and non-degenerate neutrophils. Myelo- 
graphy may reveal an intradural/extramedullary or 
intramedullary lesion. Definitive diagnosis requires 
biopsy. Prednisolone at immunosuppressive doses 
(1 mg/kg q12h for 5 days; then 1 mg/kg q24h for 7 
days; then 1 mg/kg q48h) may result in initial improve- 
ment in neurological signs. Other agents have also 
been used in combination with corticosteroids, includ- 
ing cytosine arabinoside and lomustine, and some 
cases may survive for up to 2 years, but ultimately 
progression is inevitable. Radiation therapy has also 
been used with some success. 


Steroid-responsive meningitis 

Signs of neck pain, fever, lethargy and neurological 
deficits attributable to disease of cervical spinal cord 
segments 1—5 may occur in young dogs. CSF analy- 
sis reveals marked increases in protein and in white 
blood cells, with non-degenerate neutrophils the most 
common cell type. Culture of the CSF is negative. 
Treatment with glucocorticoids (1 mg/kg prednisolone 
qi2h for 3 days and then decreased over time to a 
dose necessary to control signs) is required for 2—4 
weeks; relapse of clinical signs is common. 


Peripheral nerve/muscle 


Botulism 

Signs of flaccid paralysis and hyporeflexia occur in 
dogs hours to days after ingesting preformed toxin. 
Cranial nerve deficits include decreased ability: 


To blink the eyelids 
To lift the upper lip 
To close the mouth 
To lap water or swallow. 


Change in bark, regurgitation, megaoesophagus, 
decreased perineal reflex, faecal and urinary inconti- 
nence, and respiratory paralysis may occur. Botulism 
is suspected from the history, clinical signs and 
electrodiagnostic testing (decreased compound mo- 
tor action potential following nerve stimulation). Toxin 
may be identified in food, serum, stomach contents 
or faeces early in the course of the disease. Support- 
ive care is given, a gastrostomy tube is placed if 
needed and the animal is monitored for aspiration 
pneumonia and respiratory paralysis. Signs may re- 
solve with supportive care within 2-3 weeks. 
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Acute polyradiculoneuritis and polyneuritis 

Affected dogs may have been recently vaccinated or 
have a history of exposure to racoons. However, some 
dogs may have no history of exposure to either. Flac- 
cid paralysis and hyporeflexia occur. Facial muscle 
paresis and a change in bark are common. Respira- 
tory paralysis may occur. Interestingly, however, tail and 
neck motion, swallowing and faecal and urinary conti- 
nence are often maintained. The animal may be hyper- 
aesthetic to touch. CSF analysis may show an increase 
in protein and cells. Electromyography may reveal 
fibrillation potentials and positive sharp waves in the 
majority of muscles tested. Nerve conduction velocity 
is slow, and evoked potentials may be decreased in 
amplitude. Biopsy specimens of nerve root or nerve 
may show inflammatory cell infiltrates, demyelination 
and axonal loss. Prednisolone (1 mg/kg q12h for 1-2 
weeks; then 1 mg/kg q24h for 1 month) may be given; 
however, there is controversy as to whether it has any 
effect on the progression of this disease. Supportive 
care to prevent and treat decubital ulcers and urinary 
tract infections and observation for respiratory muscle 
paresis should be performed. Recovery may take 6-8 
weeks and may be incomplete. Signs may recur. 


Tick paralysis 

Some species of tick can cause signs of peripheral 
neuromuscular disease that start to develop several 
days following attachment of the tick. This disease is 
reported in the US and a more severe form occurs in 
Australia. In the US, Dermacentor variabilis and 
D. andersoni (the Rocky Mountain wood tick) are in- 
criminated most often. Other species that occasion- 
ally cause paralysis are /xodes cornuatus and l. hirsti. 
Ixodes scapularis, the principal vector of the agent of 
Lyme disease (Borrelia burgdorferi) in the northeast, 
midwest and southeast of the United States, can also 
cause tick paralysis in dogs. Ixodes pacificus has been 
incriminated in dogs in the Grass Valley area (Nevada 
Co.) of northern California. In Australia, especially 
along the east coast, Ixodes holocyclus is the most 
important species. 

Affected dogs typically still have the tick attached. 
Flaccid paralysis and hyporeflexia occur. Nystagmus, 
change in voice, dysphagia, weakness of facial mus- 
cles and masticatory muscles, and respiratory paraly- 
sis may occur. Electrodiagnostic testing may show 
reduction in amplitude or absence of the compound 
motor action potential following nerve stimulation and 
a slow nerve conduction velocity. Removal of ticks 
results in resolution of clinical signs within 24-72 
hours. Ticks may be hard to find, however, and whole- 
body shaving may be necessary. 


Insulin-secreting tumours 

Serum glucose concentrations <2.8 mmol/l may result 
in clinical signs. Flaccid paralysis, hyporeflexia, leth- 
argy, bradycardia, muscle tremors, hypothermia, dis- 
orientation and seizures may occur. Electromyographic 
examination may show fibrillation potentials, positive 
sharp waves and complex repetitive discharges. Small 
quantities of food high in protein, fat and complex 
carbohydrates may be provided frequently. Diazoxide 
(10 mg/kg qi2h) and prednisolone (0.5 mg/kg/day) 
may be given. 
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Tetanus 

Tetanus is the continuous tonic contraction of a mus- 
cle due to rapidly repeated stimulation. The causa- 
tive organism, Clostridium tetani, synthesizes a potent 
neurotoxin (tetanospasmin) following germination of 
spores under anaerobic conditions, typically after in- 
fecting a deep wound. The toxin then travels in a ret- 
rograde fashion along axons within a peripheral nerve 
into the central nervous system. Clinical signs occur 
due to the ability of the toxin to inhibit the release of 
neurotransmitters (glycine and GABA) from upper 
motor neurons and interneurons of the brain stem and 
spinal cord, resulting in a release of the lower motor 
neuron from inhibition. Clinical signs of generalized 
tetanus include extensor rigidity of appendicular mus- 
cles, risus sardonicus and trismus. Dyspnoea, dys- 
phagia and urinary and faecal retention may occur. 
Focal tetanus occurs when rigid extension is limited 
to one limb or muscle group. 

Treatment with penicillin G (20,000—100,000 IU/ 
kg i.v. q6h) is recommended and, if a wound is identi- 
fied, it should be debrided to remove Clostridium 
tetani. Tetanus antitoxin is given at 100—1,000 IU/kg 
i.v.; a small test dose may be given initially to observe 
for an anaphylactic reaction. The patient should be 
kept in a quiet environment with little stimulation. 
Diazepam and phenobarbital may be given to relax 
or calm the patient. Nursing care is essential to main- 
tain hydration and nutrition until the patient is able to 
drink and eat without assistance. If paralysis of the 
intercostal muscles occurs, ventilatory support may 
be necessary. 


Episodic weakness/syncope 


Episodic weakness and collapse may occur due to 
neuromuscular or brain disease, syncope or meta- 
bolic disorders. 


Neuromuscular disorders 


Acquired myasthenia gravis 
At least three clinical presentations may occur (Dewey 
et al., 1997): 


* Focal myasthenia gravis. Animals exhibit facial, 
pharyngeal and/or laryngeal muscle dysfunction 
without appendicular muscle involvement. 
Megaoesophagus, regurgitation and aspiration 
pneumonia may occur 

* Generalized myasthenia gravis. Animals exhibit 
appendicular muscle weakness with a stiff, 
short-strided gait with or without signs of facial, 
pharyngeal and/or laryngeal muscle dysfunction. 
Strength may or may not return following 
periods of rest 

« Acute fulminating myasthenia gravis. Signs 
include: a sudden, rapid progression of severe 
appendicular muscle weakness, resulting in 
recumbency which is unabated by rest; frequent 
regurgitation associated with megaoesophagus; 
respiratory difficulty; and facial, pharyngeal and/ 
or laryngeal muscle dysfunction. 


For diagnosis, blood acetylcholine receptor anti- 
body concentrations may be elevated (>0.6 nmol/l in 
dogs and >0.3 nmol/l in cats). Edrophonium (0.1-0.2 
mg/kg i.v.) may result in dramatic improvement in gait 
for 1-2 minutes. Pretreatment with atropine (0.02 mg/ 
kg i.v.) is recommended. Compound action potentials 
recorded from the interosseous muscle may show a 
10% or greater decremental response following re- 
petitive stimulation (Hopkins, 1992). 

Long-term management includes administration 
of oral pyridostigmine (0.2-2.0 mg/kg q8—12h); al- 
ternatively, in animals with significant dysphagia and 
regurgitation, neostigmine can be given intra- 
muscularly (0.04 mg/kg q6-8h). Animals should be 
kept warm and exercise restricted. Animals with 
dysphagia and megaoesophagus should be fed 
from a height with the head and neck elevated for 
10 minutes after eating. Aminoglycoside antibiotics 
should be avoided due to the possibility of neuro- 
muscular blockade. Prednisolone may result in 
a rapid worsening of clinical signs and its use is 
contraindicated in the presence of aspiration pneu- 
monia. However, in the authors’ experience, pred- 
nisolone may improve pharyngeal dysfunction sooner 
than cholinesterase inhibitors alone. A starting dose 
of 0.5 mg/kg/day increased to 2 mg/kg/day over 
1 week has been suggested when aspiration pneu- 
monia is not present (Le Couteur, 1988). Addition- 
ally, treatment with azathioprine and mycophenylate 
mofetil has proven useful and may minimize side 
effects due to steroid administration. 


Exertional rhabdomyolysis 

Racing Greyhounds may present with scuffing of 
the nails of the hindlimbs, muscle pain, tachypnoea, 
collapse and hyperthermia within 72 hours of exer- 
cise. Increased creatine kinase, lactate dehydro- 
genase, aspartate aminotransferase, blood lactate 
and myoglobin may occur. Renal failure may also 
occur. Intravenous fluids, to treat shock and to aid 
in the excretion of myoglobin, cold water baths, 
pain medication and intravenous bicarbonate may 
be given. 


Polymyositis 

Dogs and cats of any age may present with general- 
ized weakness which worsens with exercise (Evans 
et al., 2004). The gait is stiff and short-strided and 
dysphagia, regurgitation, megaoesophagus, change 
in bark, painful appendicular muscles, fever and 
lethargy may occur. Increases in creatine kinase, 
aspartate aminotransferase, lactate dehydrogenase 
and antinuclear antibody may occur. Electro- 
myography may reveal fibrillation potentials, posi- 
tive sharp waves and bizarre high frequency 
discharges. Muscle biopsy reveals lymphoplasma- 
cytic inflammation and muscle necrosis. Toxoplas- 
mosis and neosporosis should be ruled out with 
titres and muscle biopsy. Prednisolone may be given 
(1 mg/kg q12h initially) and reduced to the lowest 
dose necessary to control signs. Pharyngeal and 
oesophageal muscle involvement may result in 
aspiration pneumonia. 
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Brain disease 


Narcolepsy/cataplexy 

Episodes last seconds to minutes and are marked by 
acute collapse, decreased muscle tone and rapid eye 
movement sleep. Episodes may be provoked by ex- 
citement, food or physostigmine (0.025—0.1 mg/kg i.v.). 
Minimizing excitement and giving imipramine hydro- 
chloride (0.5-1 mg/kg orally q8h) may decrease the 
number of events. 


Syncope 

Syncope due to cardiovascular or respiratory dis- 
ease occurs most commonly during periods of ex- 
ercise or excitement. 


Cardiovascular disease 

Episodic weakness, ataxia, lethargy, dyspnoea and 
syncope may occur. Evidence of a heart murmur, 
irregular heart rate or rhythm, bradycardia or tachy- 
cardia, weak or irregular pulses, polycythaemia, heart- 
worm infection and electrocardiographic abnormalities 
between or during events suggest cardiovascular dis- 
ease as the cause. 


Respiratory disease 
Hypoxia, particularly if chronic, may result in syncope. 


Metabolic disorders 


Hyperthyroidism 

Episodic weakness, decreased ability to jump, muscle 
tremors and ventroflexion of the neck may occur in 
addition to other signs of hyperthyroidism (Joseph and 
Peterson, 1992). Post-insertional trains of positive sharp 
waves are reported on electromyographic examination. 
Stress should be decreased and methimazole admin- 
istered (10—15 mg/day orally divided q12h). 


Hypoadrenocorticism 

Episodic weakness, stiff, stilted hindlimb gait, muscle 
tremors, vomiting, anorexia, weight loss, dehydration, 
weak pulses and shock may occur. Intestinal para- 
sites (whipworms in particular) may cause clinical 
signs mimicking those of an Addisonian crisis. Stress 
should be decreased; intravenous fluid support with 
0.9% sodium chloride provided; and hypoglycaemia 
treated. Dexamethasone sodium phosphate (0.1—0.2 
mg/kg i.v.) may be given until the diagnosis is con- 
firmed (see Chapter 16). 


Hyperkalaemia 

Appendicular and neck muscle weakness, bradycar- 
dia, dysrhythmias, weak pulses, electrocardiographic 
abnormalities and hyporeflexia may occur when se- 
rum potassium is >6.5 mmol/l. Weakness resolves with 
treatment of hyperkalaemia. 


Hypokalaemic myopathy 

This is seen principally in cats. Ventroflexion of the 
neck, a stiff, short-strided gait, episodic weakness, 
pain on muscle palpation and respiratory muscle pare- 
sis/paralysis may occur. A serum potassium <3.5 
mmol/l, increased creatine kinase, azotaemia and 
metabolic acidosis may be found. Electromyographic 
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examination may reveal fibrillation potentials and posi- 
tive sharp waves. Mildly or moderately affected cats 
may be treated with oral potassium supplementation 
(5-8 mmol potassium q12—24h). Intravenous potas- 
sium infusion (CRI <0.5 mmol/kg/h) may be given to 
those with severe weakness and respiratory depres- 
sion. Occasionally, hypomagnesaemia may accom- 
pany hypokalaemia and exacerbate the weakness. 
Weakness resolves with treatment of hypokalaemia 
and, if present, hypomagnesaemia. 


Others 

Other diseases which may present with episodic weak- 
ness include: mitochondrial myopathy of Clumber 
and Sussex Spaniels and Old English Sheepdogs; 
phosphofructokinase deficiency of English Springer 
Spaniels; panosteitis; hypertrophic osteodystrophy; 
polyarthritis; anaphylactic reactions; and the presence 
of a phaeochromocytoma. A good history is neces- 
sary to rule out epileptic activity as a cause for parox- 
ysmal collapse. 
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Ophthalmological emergencies 


Deborah C. Mandell 


Introduction 


Ocular emergencies can be intimidating and frustrat- 
ing for veterinary surgeons. While most general prac- 
titioners do not have the equipment to perform 
thorough and detailed ophthalmic examinations or 
surgery (i.e. slit lamps, operating microscopes), the 
majority of ophthalmological emergencies can be 
treated successfully with the basic equipment avail- 
able to every veterinary surgeon. 

Many animals present to the emergency room 
because they have a painful eye or eyes. It is impor- 
tant to evaluate all structures of the eye in every ani- 
mal that presents for an ocular emergency. It may be 
necessary to sedate animals with particularly painful 
eyes; topical anaesthesia, however, can often relieve 
enough discomfort to facilitate an ophthalmic exami- 
nation. This examination should include the periorbital 
structures, conjunctiva, cornea, the anterior chamber, 
including the iris, the lens and the posterior chamber, 
including the vitreous and fundus. The pupillary light 
reflex, both direct and indirect, menace and dazzle 
should also be evaluated on initial examination. 

This chapter discusses the diagnosis, treatment and 
prognosis of common ophthalmological emergencies. 
When a disease is not responding to treatment or when 
there are conflicting disease processes in the same 
eye, an ophthalmologist should always be consulted. 


Definition and causes 

Glaucoma is an increase in intraocular pressure due 
to an obstruction of aqueous humour outflow from the 
ciliary body through the ciliary cleft. The causes are 
listed in Figure 10.1. Owners should be warned that 
glaucoma is usually a bilateral disease even if ani- 
mals present with unilateral signs. Long-term medi- 
cal therapy should be started in both eyes after 
stabilization of the acute stage. 


Clinical signs 

Clinical signs include buphthalmos (Figure 10.2), a 
painful, red eye, scleral injection, dilated pupil, nega- 
tive menace response, absent pupillary light reflex, 
corneal oedema and possible decreased retinal 
vascularity. Breeds commonly affected with primary 
glaucoma include Cocker Spaniels, Poodles, Basset 
Hounds, Beagles and Samoyeds. 


Primary open angle 
Primary closed angle (goniodysgenesis) 


Uveitis* 

Lens luxation* 

Neoplasia® 

Hyphaema 

Cataracts ~ due to lens-induced uveitis or swelling of the lens 


(10.1 | Causes of glaucoma. * Most common causes 
of glaucoma in cats 


| 10.2 | Glaucoma in a cat and a dog. Notice the 
buphthaimos and dilated pupil. The cat 
presented for a 2-day history of blindness, and had 


uveitis in the left eye. The dog presented with a 2-day 
history of right-sided blindness and blepharospasm 
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Diagnosis 
The intraocular pressure (IOP) should be measured 
using a Schiøtz or electronic tonometer (Figure 10.3). 
Normal IOP is 15-25 mmHg. If the IOP is greater than 
35 mmHg, emergency treatment should be initiated. 
One of the most important differential diagnoses of 
a dilated pupil with acute blindness is sudden acquired 
retinal degeneration syndrome (SARDS), in which the 
ocular examination and IOP will be normal. SARDS is 
usually bilateral and can present with concurrent signs 
such as polyuria, polydipsia and polyphagia. The cause 
is unknown and there is no treatment. 


Treatment 

The treatment for glaucoma consists of lowering the 
IOP to prevent permanent blindness by medically 
drawing fluid out of the vitreous chamber, by increas- 
ing drainage of aqueous humour and by decreasing 
aqueous production. Emergency treatment involves 


the use of agents that rapidly decrease intraocular 
pressure. Mannitol, an osmotic diuretic that draws 
water from the aqueous and vitreous into the vascu- 
lature, is given at a dose of 1 g/kg i.v. over 20-30 
minutes. This therapy can lower the IOP within 1 hour. 
The dose can be repeated in 4 hours if the IOP does 
not decrease below 30 mmHg. The main side effect 
of mannitol is dehydration from the osmotic diuresis, 
thus it should not be given to patients in which dehy- 
dration could result in serious adverse consequences, 
for example animals with renal insufficiency. In 
addition to mannitol, pilocarpine drops (2%) can be 
instilled every 15—60 minutes for 3—4 hours. Pilocarpine 
acts as a parasympathomimetic, constricting the 
pupil and thus opening the drainage angle. Side 
effects such as bradycardia are usually not seen. 
Carbonic anhydrase inhibitors (CAI) decrease the 
volume of aqueous produced. Oral CAls are the main- 
stay of treatment of chronic glaucoma and should be 


Tonometry is the indirect measurement of intraocular pressure. Techniques include digital palpation (gentle pressure exerted with finger) and/or 


tonometry. 


The most commonly used indentation tonometer is the Schiøtz tonometer, which consists of a 
corneal footplate, a plunger, a bracket to hold either a 7.5 g or a 10 g weight, and a recording scale. 


using a conversion table. 

1. Topical anaesthetic (proparacaine) is placed in both eyes. 

2. The animal is restrained so that the cornea is to the floor/ceiling for an accurate reading. 
Typically, the animal is placed in dorsal or sternal with the head tilted back. 


3. A7.5g or 10 g weight is placed on the tonometer. 


4. SEE EE A Ea pea: "eda 


is repeated for two more readings to ensure an accurate and consistent 


Nog 


The intraocular pressure should be measured in both eyes. 


Athough he Set tonometer isthe most inexpensive and can be easy to use, t doos have 
. apoa EACAN TE a 


* The corneal footplate was designed for humans, so the curvature of the footplate may not match 
canine and feline corneas. Falsely low readings may result if the cornea is large 


* — Corneal disease results in inaccurate readings 


The conversion table is then used to convert the reading to mmHg. 
The readings can be repeated using a different weight to further ensure accuracy. 


* — The Schiøtz cannot be used if the patient has had recent intraocular surgery. 


Appianation tonometers, which estimate IOP by measuring the force 
required to flatten (applanate) a small area of corneal surface, are 


inherently more accurate than the Schiøtz tonometer. They are easier to 


use but are much more expensive. The most common applanation 
tonometer in veterinary use is the Tonopen. It is a handheld, battery- 
operated instrument. 


1. Topical anaesthetic is placed in both eyes. 
2. A condom is placed on the probe of the tonometer. 


3. The probe is gently tapped on the cornea three times. On each successful ‘tap’, a beep sounds, signalling that a reading was obtained. 


4. An average reading is then shown on the display. 


The applanation tonometer can be used with the animal in a normal standing position and can be used after intraocular surgery. 


| 10.3 | Intraocular pressure measurement. A Schiøtz tonometer is routinely used for measurement of IOP. An 
electronic applanation tonometer is more accurate and easier to use than the Schiøtz, but is more 


expensive. 
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started during emergency management of acute glau- 
coma. These drugs can decrease the IOP significantly, 
but side effects of the oral CAIs include anorexia, 
nausea, vomiting and central nervous system (CNS) 
sedation. The newer oral CAls, such as dichlorphen- 
amide, have fewer side effects. Topical CAIs (dorzola- 
mide three times a day) can be used in the emergency 
setting and for chronic glaucoma, and they do not have 
such adverse side effects. Timolol maleate (0.25-0.5% 
twice a day), a topical beta blocker, can be used con- 
currently to further decrease the volume of aqueous 
fluid produced. 

Latanoprost, a topical prostaglandin analogue, 
increases drainage of aqueous humour through an 
alternative route. It can rapidly decrease the IOP by 
40-60% and is additive to the effects of mannitol. It 
should be used with caution in dogs with glaucoma 
secondary to anterior uveitis, because the drug 
causes miosis, which can be severe. Latanoprost is 
contraindicated for treatment of glaucoma second- 
ary to lens luxation. 

When glaucoma is secondary to another disease, 
the underlying disease such as lens luxation or uvei- 
tis must be treated as a priority. If primary glaucoma 
is diagnosed, an ophthalmologist should be consulted 
as long-term management will be required. The IOP 
should be measured every 4—6 months, and owners 
should monitor for recurrence of pain, blindness, 
buphthalmos or a dilated pupil. 


Prognosis 

If more than 24 hours have elapsed with an IOP 
above 50 mmHg, the prognosis for vision becomes 
poor due to damage to the retina and optic nerve. 
Anti-inflammatory doses of corticosteroids may 
improve optic nerve head oedema in acute glaucoma. 
Long-term prognosis for primary glaucoma is vari- 
able, depending on the length of time for which the 
medications control the IOP, but is usually poor. 
Most cases eventually become refractory to medical 
management and need definitive treatment to destroy 
the ciliary body such as enucleation, cyclocryo- 
therapy, laser treatment or intravitreous gentamicin 
instillation. 


Proptosis 


Definition and causes 

Proptosis is forward displacement of the globe, which 
can occur secondary to any blunt trauma to the head 
such as being hit by a car, or bite wounds (Figure 
10.4). Brachycephalic breeds are predisposed be- 
cause they have shallow orbits. 


Clinical signs and management 

Clinical signs and management depend on the cause 
of the proptosis and the degree of damage to the 
globe and extraocular structures. There are two op- 
tions for therapy: enucleation or replacement with a 
temporary tarsorrhaphy. This decision is based on 
the severity of the proptosis. If the eye has ruptured, 
all of the extraocular muscles are ruptured and/or 
the extraocular muscles are necrotic or infected, 
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| 10.4 | Traumatic bilateral proptosis secondary to a 
dog fight. One eye was enucleated and the 
other was replaced and a tarsorrhaphy performed 


the eye should be removed. If there is marked 
hyphaema, enucleation should also be considered. 
If the owner or veterinary surgeon is unsure whether 
the owner will be able to treat or monitor the eye, 
enucleation is usually the best option. Replacement 
can be attempted if the eye and extraocular mus- 
cles are relatively undamaged and few extraocular 
muscles have ruptured. 


Replacement with temporary tarsorrhaphy 
Although the eye should be replaced as soon as pos- 
sible, if the animal has sustained significant head 
trauma, anaesthesia should be postponed until its 
condition is stable. Anaesthetic agents that increase 
IOP (e.g. ketamine) should be avoided. A topical ster- 
ile lubricant should be applied to the globe frequently 
to prevent desiccation. 

Once the animal is anaesthetized, the surround- 
ing area should be carefully clipped and aseptically 
scrubbed with chlorhexidine or betadine. A stay su- 
ture with 2-3 metric (2/0 or 3/0 USP) nylon should be 
placed in the upper and lower eyelids close to the lid 
margin. A lateral canthotomy is usually needed to 
facilitate replacement of the globe. Sterile lubricant is 
placed on the eye. While lifting out and up on the stay 
sutures, gentle pressure is placed on the eye to re- 
place it into the orbit. A scalpel handle or other flat 
object can be used to apply pressure evenly. Once 
the eye is replaced, the stay sutures are crossed and 
held to prevent reproptosis. Tension-relieving sutures 
are then placed (Figure 10.5); 1.5 metric (4/0 USP) 
nylon can be used with pieces of a 3 or 5 French (Fr) 
red rubber catheter, intravenous tubing or rubber band 
as stents. A horizontal mattress suture is used and 
all sutures should be preplaced before tying. The 
suture should go through the stent, enter the lid 6-8 
mm from the upper lid margin, exit through the 
Meibomian glands, then enter through the lower lid 
Meibomian glands, exit 6-8 mm from the lower 
lid margin and go through a second stent. The 
needle then goes back in the reverse direction and 
the suture is tied at the dorsal aspect. This suture 
pattern protects the cornea by everting the eyelids. 
The lateral canthotomy can then be sutured with 
1-—1.5 metric (4/0 or 5/0 USP) absorbable synthetic 
suture, e.g.Vicryl®. A small space should be left open 
medially to allow placement of medications. 
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Front view of three sutures 


(10.5 | Suture and stent placement for tarsorrhaphy. A 3-5 French red rubber catheter or rubber bands can be used 
as stents. The suture should go through a stent, enter 6-8 mm away from the upper lid margin, exit through 
the Meibomian glands, then enter the lower Meibomian glands, exit 6-8 mm away from the lower lid margin, then go 
through the stent. The needle then goes back in the reverse direction. 


Aftercare 

Aftercare consists of topical antibiotics (tobramycin 
or gentamicin 0.3% q4—6h) and topical atropine sul- 
phate (1% q12h). Oral broad-spectrum antibiotics 
should also be used for 2 weeks. Anti-inflammatory 
doses of corticosteroids at a tapering dose over 3-5 
days will decrease further damage to the optic nerve 
and decrease periorbital swelling. An Elizabethan 
collar must be worn at all times. 

Frequent re-evaluations should be performed to 
make sure that the client is able to administer medica- 
tions, the sutures are not abrading the cornea, the ani- 
mal is not febrile and that there is no discharge crusted 
over the eye. The sutures are removed in 14 days. Once 
the sutures are removed, the cornea should be stained 
to check for ulcers and treated appropriately. Topical 
corticosteroids can be used (prednisolone acetate 1% 
q8h) if there is scarring with no corneal ulcer. When 
scarring is present with a corneal ulcer, a topical non- 
steroidal anti-inflammatory drug (NSAID), such as 
flurbiprofen (0.03% q8h), should be used instead. 

The eye should be evaluated every 4—5 days for 
2-3 weeks after suture removal to monitor for compli- 
cations such as exposure keratitis. If the animal is 
lagophthalmic and has exposure keratitis, a partial 
permanent tarsorrhaphy may help. 


Complications with replacement 

Complications following replacement include infection, 
dorsolateral strabismus due to rupture of the medial 
rectus muscle, blindness and ulcerative or exposure 
keratitis with a resultant corneal ulcer. The dorsolateral 
strabismus may improve with time. Owners must be 
warned that enucleation may still be necessary. 


Prognosis 

Due to the stretching of the optic nerve, the progno- 
sis for vision is poor but the prognosis for cosmetic 
repair is fair. A successful outcome is more likely if 
the proptosis is treated early and is evaluated 
frequently to circumvent complications. Brachy- 
cephalic breeds that require less force to proptose an 
eye have a better chance of regaining vision than 
dolichocephalic dogs or cats where a significant 
amount of force is necessary and more traumatic 
damage to the eye is likely to have occurred. 


Enucleation 
An ophthalmology or surgery text should be consulted 
for enucleation procedures. 
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Anterior uveitis 


Definition 

Uveitis is an inflammation of the iris and ciliary body. 
Many systemic disease processes manifest as uve- 
itis in dogs and cats, and some examples are listed 
in Figure 10.6. 


immune-mediated 
Neoplasia (e.g. lymphoma) 


| 10.6 | Causes of uveitis 


Clinical signs 

Clinical signs include blepharospasm, a miotic pupil 
due to ciliary spasm, pain, a red, inflamed, dull or ‘fluffy’ 
iris, aqueous flare, hypopyon or hyphaema, decreased 
IOP (<10 mmHg due to decreased aqueous produc- 
tion) and prolapsed nictitans. 


Diagnosis 

The diagnosis of anterior uveitis is based on clinical 
signs. Other differential diagnoses for patients pre- 
senting with a red painful eye include glaucoma and 
corneal ulceration. These diseases may not be mutu- 
ally exclusive, for example uveitis can cause glau- 
coma, and trauma can cause both corneal ulcers and 
uveitis. Even if uveitis is suspected, the eye should 


still be stained with fluorescein, and IOP should be 
measured. As uveitis is often a manifestation of sys- 
temic disease a full and thorough general physical 
examination is also mandatory. Diagnostic tests 
should be geared towards identification of the un- 
derlying cause and can include any of the following: 
complete blood count; serum chemistry panel; 
urinalysis; toxoplasmosis titre and other infectious 
disease screening (depending on geographical 
location); and thoracic radiography. In the cat, feline 
leukaemia virus (FeLV)/feline immunodeficiency virus 
(FIV) and possibly feline infectious peritonitis (FIP) 
serology should also be performed. Vogt—Koyanagi— 
Harada (VKH) or uveodermatological syndrome is 
an immune-mediated disease associated with anti- 
body production against melanocytes. It should be 
suspected in Japanese breeds of dog (e.g. Akita) 
presenting with uveitis (Figure 10.7). 


A 3-year-old Akita with a 5-day history of 
10.7 
blindness. There was severe uveitis and retinal 


detachment. This dog had Vogt-Koyanagi-Harada 
syndrome 


Treatment 

Topical atropine sulphate (1% q8—12h to maintain a 
dilated pupil) should be used to prevent the forma- 
tion of synechiae. This will also improve the animal's 
comfort by paralysing the ciliary body (cycloplegia) 
and causing mydriasis. If secondary glaucoma is 
present, atropine is contraindicated, and adrenaline 
drops (1% q8h) can be used instead to dilate the 
pupil and decrease aqueous production. Adrenaline 
is contraindicated in animals predisposed to 
dysrhythmias. Alternatively, tropicamide, a short- 
acting mydriatic-cycloplegic drug, can be used. Topi- 
cal corticosteroids (prednisolone acetate 1% q6h) are 
often necessary to decrease inflammation. In severe 
cases, systemic corticosteroids can be considered. 
Treatment of the underlying cause, if found, is also 
necessary. This may involve specific treatment for 
infectious or neoplastic disease or immunosuppres- 
sive therapy if an immune-mediated disease (e.g. 
VKH) is suspected. Lens-induced uveitis can be very 
severe and difficult to control. Any eye with uveitis 
should be rechecked in 4—5 days for progress. 


Complications 
Secondary complications include anterior or posterior 
synechia formation, glaucoma and cataracts. In cases 
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involving either recurrent uveitis or multiple disease 
processes in the same eye, the animal should be 
referred to an ophthalmologist. 


Prognosis 

Many systemic disease processes have a fair to good 
short-term prognosis for control of uveitis but a poor 
long-term prognosis (e.g. FeLV/FIV infection). The prog- 
nosis can be good, however, when the underlying cause 
can be controlled (e.g. sepsis, rickettsial or immune- 
mediated diseases). Traumatic uveitis should respond 
to treatment and resolve within 1 week. A neoplastic 
cause can be challenging to rule out as diagnostic tests 
may initially be unremarkable. Neoplasia, especially 
lymphoma, may not be diagnosed until other clinical 
signs worsen, which may be many months later. 


Corneal ulcers 


Definition 

Corneal ulcers are epithelial defects of the cornea, 
which are classified according to the layers that are 
affected. The most common causes of corneal ulcers 
are listed in Figure 10.8. 


| 10.8 | Causes of corneal ulcers 


Clinical signs and initial evaluation 
Patients with corneal ulcers usually present with 
blepharospasm, ocular discharge, conjunctival hyper- 
aemia and pain, causing photophobia and possibly a 
miotic pupil. Miosis may also occur secondary to con- 
current uveitis. Corneal oedema and/or neovasculari- 
zation may be found around the ulcer. A Schirmer tear 
test (Figure 10.9) should be performed on all eyes 
with corneal ulcers to rule out keratoconjunctivitis sicca 
(KCS) as the underlying cause. Normal tear produc- 
tion is 10-25 mm/min and less than 5 mm/min is highly 
suggestive of KCS. Fluorescein stain should be ap- 
plied to characterize the ulcer. The eye should be thor- 
oughly examined for any foreign body (under the 
nictitans and both eyelids). 


Monitoring 

For all ulcers, regardless of the treatment, owners 
should monitor the eye carefully. Urgent re-evaluation 
is warranted if: there is a discharge from the cornea; 
the animal starts to keep its eye closed; the eye ap- 
pears red or pain recurs; the eye loses or changes 
shape; or the animal becomes lethargic or anorexic. 
Lagophthalmic breeds are very susceptible to central 
corneal ulcers. These ulcers can progress rapidly and 
require particularly careful monitoring. 
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The Schirmer tear test (STT) measures the amount of aqueous 


tears produced in 1 minute using a strip of 5 x 35 mm filter paper. 
Many ocular diseases can be secondary to decreased tear 


production (e.g. KCS) and thus the STT is an extremely important 
diagnostic tool in any ophthalmic emergency. Normal tear 
in the dog is 10-25 mm/min. Dogs with KCS usually 
have a STT of <5 mm/min. 
The most common Schirmer tear test (STT |) is performed in an 
unanaesthetized eye, before any medications are used. This 
measures the basal and reflex tear production. The STT II is used 
when the conjunctiva is anaesthetized and the nasal mucosa is 
irritated; it measures only basal tear production. The STT III is 
performed when the patient is looking into the sun. 
The STT is easy to perform and can be done in most animals with 
minimal restraint. The strips now have a marker dye to show clearly 
the amount of tear production, and millimetre scale markings on 
them to facilitate the measurement. The strips should not be taken 
out of the package until the operator is ready to perform the test, 
and the test area of the strip should never be touched. For a valid 
reading, the STT | must be performed before any medications are 
placed in the eye. i 
1. While the test strip is still in the package, the strip is folded at 
the notch so that the end is perpendicular to the rest of the strip. 
2. The folded part of the strip is placed in the ventrolateral 
conjunctival sac so that the notch rests at the eyelid margin. 
3. The strip is held in place for 1 minute, and the tears produced 
flow down the test strip, moving the dye with them. 
4. The eyelids are gently held closed to keep the strip in place. 
5. The STT should be performed in both eyes. 


| 10.9 | Schirmer tear test 


Basic management 

Topical corticosteroids are always contraindicated if 
the corneal epithelium is not intact. If severe uveitis 
accompanies the ulcer, topical NSAIDs (e.g. flurbi- 
profen q8h) or tapering doses of systemic corticoster- 
oids can be used. If more than one topical eye 
medication is needed, a period of at least 5 minutes 
should be interposed between administration of dif- 
ferent medications. 


Superficial ulcers 


Diagnosis 

Superficial ulcers (Figure 10.10) are diagnosed based 
on fluorescein stain retention, and are relatively clear 
defects in the cornea. 


| 10.10 | A superficial corneal ulcer affecting the majority 
of the cornea. This cat presented with a 1-day 
history of ocular discharge, blepharospasm and lethargy 
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Treatment 

Treatment includes topical antibiotics (triple antibiotic 
solution or fusidic acid 1% q6—8h is usually sufficient). 
Atropine sulphate (1% qi2h) may also be used if a 
miotic pupil (due to ciliary spasm or iridocyclospasm) 
is present or the eye is painful. Ciclosporin (0.2-1%) 
should be started twice a day for 4 weeks if KCS is 
the initiating cause of the ulcer. If the ulcer was due to 
a topical irritant, such as a shampoo or soap, irri- 
gation with copious amounts of sterile eye wash or 
saline is performed. 

In cats, erythromycin or chloramphenicol 1% oint- 
ment (q6-8h) is preferred. The neomycin in triple anti- 
biotic solutions or ointments can cause chemosis and 
severe irritation. Anaphylaxis to neomycin has been 
reported in a cat. Also, many corneal ulcers in cats 
have a viral aetiology, and an antiviral medication 
(trifluridine or vidarabine, if available, four or five times 
a day) can be included. 

The eye should be re-stained after 4-5 days, at 
which time the ulcer should be healed. If not, an indo- 
lent or complicated ulcer should be suspected. 


Prognosis 
If there are no complications, the prognosis is 
excellent. 


Indolent ulcers 


Diagnosis 

An indolent ulcer is a non-healing ulcer that occurs 
when the epithelium does not attach to the stroma 
due to an epithelial basement membrane or stromal 
defect. This type of ulcer is common in Boxer dogs. 
When the ulcer is stained with fluorescein, the stain 
extends further than the visible edges of the ulcer, 
demonstrating an area of epithelium that has not an- 
chored to the stroma. 


Treatment 

A topical anaesthetic (proparacaine) is placed on the 
eye. A cotton swab (moistened with artificial tears or 
proparacaine) is used to debride the edges of the 
ulcer, creating a larger defect. Once the edges are 
debrided, a grid or punctate keratectomy is performed 
with a 20-25 gauge needle, avoiding going through 
the full thickness of the cornea (Figure 10.11). This 
aids healing and is thought to help the epithelium at- 
tach to the stroma. Topical antibiotics (tobramycin or 
gentamicin 0.3% q6h) and atropine sulphate (1% 


q12h) should then be started. 


£ 


Punctate Grid 


(10.11 | Punctate and grid keratectomy. After topical 
anaesthetic and debridement with a cotton 

swab, a 25 gauge needle is used to make punctate or 
grid marks on, not through, the corneal epithelium 


Prognosis 
With treatment, the majority of indolent ulcers heal. 


Deep corneal ulcer 


Diagnosis 

Deep corneal ulcers are also diagnosed based on 
fluorescein staining, although the defect may be ap- 
preciated on gross examination (Figure 10.12). Deep 
ulcers may not be as painful as superficial ulcers. 


A deep ulcer 
Treatment includes 
topical antibiotics, 
atropine sulphate 
and an 
anticollagenase 
(serum or 
acetylcysteine), 

if infected 
Perforation can 
occur with restraint 
or if the animal rubs 
or scratches the eye 


Treatment 

Therapy with topical antibiotics (tobramycin or gen- 
tamicin 0.3% q4—6h) and topical atropine sulphate (1% 
q6—12h) should be started. If the deep ulcer is infected 
or melting (Figure 10.13), then more aggressive treat- 
ment is needed. Gram-negative rods produce 
collagenases or proteases which can rapidly destroy 
(melt) the cornea. Topical broad-spectrum antibiotics 
(ciprofloxacin q2—3h) and topical atropine (q4—6h) 
should be started. A topical anticollagenase should 
also be added in patients with deep melting or infected 
ulcers (Figure 10.13). Autologous serum can be used, 
in which a-macroglobulin acts as the anticollagenase. 
Acetylcysteine, diluted to a 5% solution with artificial 
tears, may also be used. Anticollagenases should be 
instilled every 2-3 hours. If the animal is rubbing or 
scratching at the eye, an Elizabethan collar must be 
worn. For all deep ulcers, care must be taken to avoid 
excessive restraint of the patient, as this can lead to 
perforation (Figure 10.14). A conjunctival flap should 
be considered in any patient with a deep ulcer if it 
spans the majority of the stroma, or if it is progressing 
despite aggressive medical therapy. 


i 
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A melting ulcer. This pug had a 1-week history 
of blepharospasm and ocular discharge. The 
owners reported that the cornea became ‘white’ within 
the last 24 hours 
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a A perforated 
melting ulcer. This 
ulcer progressed 
to perforation 
within 12 hours 


Prognosis 

With aggressive treatment the prognosis can be good. 
The eye should be monitored very carefully for the 
first 2-3 days, and then every 3 days for 2 weeks, to 
ensure that the ulcer continues to heal properly. Adeep 
corneal ulcer can take up to 3 weeks to heal. 


Descemetocele 


Diagnosis 

When Descemet's membrane (the corneal endothe- 
lium) protrudes through the ulcer, it looks clear, black 
or transparent (Figure 10.15) and does not retain 
fluorescein stain. In this case, the cornea is in immi- 
nent danger of perforation. 


A descemetocele in a Shih Tzu. Notice the 

black bulging area in the centre of the ulcer. 
This area is only one cell layer thick. This is a surgical 
emergency and a conjunctival flap should be placed 


Treatment 

A descemetocele is a true emergency. Topical anti- 
biotics (tobramycin, gentamicin or ciprofloxacin 0.3% 
q2-3h) and topical atropine (q4—6h) should be started. 
An Elizabethan collar, cage rest and gentle restraint 
must be enforced. If the animal is struggling or re- 
sents restraint, medications should wait until after 
surgical repair as long as this can be performed im- 
mediately. The cornea can be sutured over the 
descemetocele, inverting the membrane if possible, 
with 0.3-0.7 metric (6/0 to 9/0 USP) absorbable syn- 
thetic suture, e.g.Vicryl®, in a simple interrupted or hori- 
zontal mattress pattern without penetrating full 
thickness through the cornea. Since the cornea is 
usually oedematous and weak, increased support and 
protection can be achieved with a conjunctival flap. 
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Prognosis 
The prognosis is variable depending on the extent of 
corneal disease and the cause of the ulcer. 


Iris prolapse 


Diagnosis 
The iris is visible protruding through the ulcer (Figure 
10.16). 


(10.16 | Iris prolapse. Notice the iris protruding through 
the edge of the ulcer. The exposed iris must be 


removed from the defect. The cornea can then be sutured 


closed with 0.3-0.7 metric (6/0 to 9/0 USP) Vicryl®. A 
conjunctival or third eyelid flap is then performed after 
reinflation of the anterior chamber with saline or air 
Treatment 


Topical antibiotics (tobramycin or gentamicin 0.3% q4— 
6h) should be started. The iris must be removed from 
the ulcer. It can be freed from the edges of the cornea 
with an iris spatula or atraumatic forceps. The exposed 
iris can then be excised with tenotomy scissors. The 
cornea is sutured with 0.3—0.7 metric (6/0 to 9/0 USP) 
absorbable synthetic suture, e.g.Vicryl®, in a simple 
interrupted or horizontal mattress pattern without pen- 
etrating full thickness through the cornea. Placing a 
needle at the limbus, sterile saline or air can be used 
to reinflate the anterior chamber. A conjunctival flap is 
then performed. An Elizabethan collar should be worn 
at all times and oral and topical broad-spectrum anti- 
biotics and topical atropine sulphate (1% q12h) should 
be administered. 


Prognosis 

The prognosis for vision is guarded. Frequent re- 
evaluations will determine whether the treatment is 
successful in sealing the cornea and preventing 
reperforation. 


Corneal perforation 


Diagnosis 

Following corneal rupture or perforation, the cornea 
may seal with a fibrin clot (Figure 10.17) or continue 
to leak aqueous humour causing collapse of the 
anterior chamber. Clinical signs are similar to those 
for a corneal ulcer. If sealed, a fibrin clot may be vis- 
ible on top of the cornea. A misshapen cornea or 
decreased depth of the anterior chamber may also 
be seen. If there is a leak, the fluorescein stain will 
form rivulets at the site of perforation (Seidel test). 
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10.17 


A perforated 
cornea that is 
sealed with a 


fibrin plug 


Treatment 

Aggressive medical treatment with frequent topical 
antibiotics and atropine sulphate, and an Elizabethan 
collar as described above, can be attempted when 
there is a fibrin seal and the anterior chamber is in- 
tact. Systemic broad-spectrum antibiotics and NSAIDs 
should be added to help control infection and inflam- 
mation. The animal must be kept calm and ideally 
rested in a cage to help prevent the clot from dislodg- 
ing and rupturing the eye. 

When there is a leak, the corneal edges should be 
debrided and sutured with 0.3-0.7 metric (6/0 to 9/0 
USP) absorbable synthetic suture, e.g.Vicryl®, in a 
simple interrupted or horizontal mattress pattern with- 
out penetrating full thickness through the cornea. The 
anterior chamber may require reinflation as described 
above. A conjunctival flap should then be performed. 


Prognosis 

If surgical repair can be performed and no complica- 
tions are encountered, the prognosis for the eye is good 
but the prognosis for return of normal vision is guarded. 
If reparative surgery is not possible and the perforation 
is not sealed, enucleation may be appropriate. 


Conjunctival flaps 

For a detailed discussion on flap surgery, an ophthal- 
mology text should be consulted. Conjunctival flaps 
provide support and protection to the damaged cor- 
nea. They provide fibroblasts to help seal the defect 
and a blood supply to deliver anticollagenases and 
antibiotics. Third eyelid flaps are technically an easy 
surgery, but they do not allow visualization of the cor- 
nea and monitoring of the ulcer and do not provide 
a blood supply to the defect. For this reason, most 
ophthalmologists do not recommend third eyelid 
flaps and prefer conjunctival flaps. 

The two primary goals when performing conjuncti- 
val flaps are to make the flap as thin as possible and to 
have minimal tension on the flap. For pedicle flaps, the 
flap is started about 2 mm away from the dorsal limbus 
and extended using blunt dissection. As the flap is ex- 
tended, care must be taken to keep it ‘paper’ thin. When 
the incisions are made perpendicular to the limbus, to 
mobilize the flap, it is important to ensure that the flap 
is wide enough to cover the defect (Figure 10.18). Once 
the flap can cover the defect with minimal to no ten- 
sion, it is sutured on to the healthy cornea surrounding 
the ulcer with 0.3-0.5 metric (7/0 to 9/0 USP) absorb- 
able synthetic suture, e.g. Vicryl”, in a simple interrupted 
pattern. The suture should penetrate about half the 
depth of the stroma (Figure 10.19). The part of the flap 


| 10.19 | Post-conjunctival flap placement. The flap is 
very thin and there is no tension on it. This helps 


ensure that the flap will not break down or cause pain 


connecting it to the conjunctiva is not sutured. Topical 
antibiotics (tobramycin or gentamicin 0.3% q4—6h) and 
topical atropine sulphate (1% q12h) should be used. 


Monitoring 

The owner must monitor for signs of discomfort, flap 
detachment, rupture of the eye or pain. The flap should 
be re-evaluated by the veterinary surgeon every week. 
The flap can simply be transected at its attachment to 
the conjunctiva after 4 weeks. Topical corticosteroids 
with antibiotics (neomycin—polymyxin—dexamethasone 
q6-8h) can then be used to decrease scar formation. 
Re-evaluations should be performed at 1 and 2 weeks 
post-detachment. 


Corneal lacerations and foreign 
bodies 


Diagnosis 

The history and clinical signs are similar to those of 
corneal ulcers. Corneal lacerations (Figure 10.20) usu- 
ally have oedema around the edges and may be diffi- 
cult to distinguish from corneal ulcers. Lacerations can 
cause a descemetocele or iris prolapse and should 
be treated accordingly. All cases of corneal laceration 
should be extensively evaluated for ocular foreign bod- 
ies (Figure 10.21). Topical or general anaesthesia is 
usually necessary to perform a full evaluation and to 
prevent further damage. The area under and around 
the nictitans and under and at the margins of both eye- 
lids should be carefully investigated; a magnifying lens 
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| 10.18 | Pedicle flap 
placement 
Starting 2 mm away 
from the dorsal limbus 
the flap is extended 
using blunt dissection 
with tenotomy scissors 
It can then be sutured 
on to the healthy 
cornea 


Corneal laceration 
in a cat. Notice the 
corneal oedema 
around the edges 
All cases should 
be extensively 
evaluated for a 
foreign body. A 
twig caused the 
laceration in this 
cat 


| 10.21 | A corneal ulcer caused by a foreign body: a 
small piece of stick 


should be used to evaluate the cornea. If the lacera- 
tion involves penetration of the eye (e.g. due to a cat 
claw) that touches or disrupts the anterior capsule of 
the lens, a very intense, severe anterior uveitis can 
ensue. This can be particularly difficult to treat. 


Treatment 

If the corneal laceration is not full thickness through 
the cornea, it should be treated as a deep corneal 
ulcer. If a corneal foreign body is present, gentle irri- 
gation with sterile eyewash or saline may dislodge it. 
Alternatively, it can be dislodged using a 25 gauge 
needle, taking care not to push it further into the 
stroma. If the foreign body is lodged deeply in the 
cornea, an incision is made next to it using a no. 11 
scalpel blade. The foreign body can then be pushed 
upward with the needle and removed. 
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If the cornea is perforated or has a full-thickness 
laceration, it should be sutured with 0.3—-0.7 metric 
(6/0 to 9/0 USP) absorbable synthetic suture, 
e.g.Vicryl®, in a simple interrupted or horizontal pat- 
tern and then treated accordingly (see above). Topi- 
cal antibiotics (ciprofloxacin 0.3% q4h) and atropine 
sulphate (1% q6—12h) should be used for 10-14 days. 
Broad-spectrum oral antibiotics should also be admin- 
istered. NSAIDs should be added if a full-thickness 
corneal laceration is present. If the anterior lens cap- 
sule is disrupted, systemic anti-inflammatory doses 
of corticosteroids should be used instead of NSAIDs 
to control the inflammation. The lens may need to be 
removed if the animal is refractory to treatment. 


Monitoring 

The eye should be monitored for signs of suture break- 
down/dehiscence and infection (i.e. discharge, redness 
and pain), with re-evaluations every 3-5 days for the 
first 1-2 weeks until it is healed. A conjunctival flap may 
be necessary if the cornea appears weak or unhealthy. 


Prognosis 

If the injury is uncomplicated, the prognosis is good. 
If the anterior lens capsule was damaged, the prog- 
nosis is guarded. 


Lens luxation 


Diagnosis 

A lens luxation can be diagnosed based on the pres- 
ence of an aphakic crescent (Figure 10.22), increased 
or decreased anterior chamber depth, abnormal iris 
movement, increased IOP and/or corneal oedema. 
The causes are listed in Figure 10.23. An anteriorly 
luxated lens can be an emergency due to the high 
possibility of secondary glaucoma. The IOP should 
therefore always be measured in these cases. 


| 10.22 | A luxated lens. Notice the aphakic crescent. 
The ideal treatment is surgical lens extraction, 
to avoid secondary complications of glaucoma, uveitis, 
vitreous liquefaction and cataracts. 


Traumatic: will see other evidence of trauma 
Primary: breeds predisposed include terriers 
Secondary: to glaucoma, neoplasia, uveitis 


| 10.23 | Causes of lens luxation. 
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Treatment 

If IOP is increased, treatment with mannitol (1 g/kg over 
20 minutes i.v.) is warranted. The ideal treatment is 
surgical lens extraction. An ophthalmology text or oph- 
thalmologist should be consulted for lens extraction 
surgery. If surgery is not an option, the lens can be 
‘pushed’ back into the vitreous using a short-acting 
mydriatic (tropicamide) followed by a miotic agent 
(pilocarpine) to keep it in the vitreous chamber. This 
treatment is not ideal, however, since the presence of 
the lens will lead to secondary vitreous liquefaction and 
intraocular disease. 


Prognosis 

As lens luxations can lead to glaucoma, uveitis, vitre- 
ous liquefaction and cataracts, the prognosis is 
guarded unless the lens luxation is diagnosed and 
treated early. Secondary glaucoma may still be a com- 
plication after lens extraction. 


Hyphaema 


Definition and causes 
Hyphaema is blood in the anterior chamber; the most 
common causes are listed in Figure 10.24. 


| 10.24 | Causes of hyphaema 


Clinical signs 

The clinical signs are dependent on the primary cause. 
Additional systemic signs of a coagulopathy, trauma 
or medical causes of uveitis may also be present. 


Diagnosis 

Diagnosis is based on direct visualization of blood in 
the anterior chamber (Figure 10.25). When no history 
or other signs of trauma are found, the diagnostic plan 
should proceed as with uveitis, and a full coagulation 
panel (platelet count, prothrombin time, partial 
thromboplastin time, fibrin split products and buccal 
mucosal bleeding time) should also be submitted. 


Treatment 

Treatment consists of treating the underlying cause if 
one is found. The use of topical corticosteroids or topi- 
cal antibiotics has not been shown to be of benefit. 
There is controversy as to whether a mydriatic should 
be used in hyphaema. If there is no history of trauma, 
it can be difficult to rule out uveitis definitively, and 
then a mydriatic (atropine sulphate 1% q12h) is most 
appropriate. Secondary glaucoma should always be 
ruled out via tonometry before starting mydriatic 
therapy. IOP should be monitored during treatment. 


Hyphaema in (a) a 
dog and (b) a cat 
Trauma, coagulopathy 

fe and neoplasia are the 
most common causes 
The cat also had 

a thrombocytopenia 

and mesenteric 
lymphadenopathy 
secondary to 

E lymphoma 


Prognosis 

The prognosis is variable depending on the under- 
lying cause. If bleeding can be controlled the progno- 
sis is good. If the haemorrhage is due to uveitis, the 
prognosis depends on the primary diagnosis. 


Conjunctivitis 


Definition and causes 

Conjunctivitis is inflammation and/or infection of the 
conjunctiva. The most common causes are listed in 
Figure 10.26. 


Bacterial 

Viral, e.g. herpes (cats), distemper (dogs) 
Chlamydophila infection (cats) 

Corneal ulcers 

Keratoconjunctivitis sicca 

Allergy/atopy 

Chemical irritants 


Causes of conjunctivitis 


Clinical signs 

Clinical signs include blepharospasm, ocular dis- 
charge, chemosis and conjunctival hyperaemia (Fig- 
ure 10.27). 
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(a) Conjunctivitis in a 7-year-old Boxer, with 
ocular discharge and other signs of seasonal 
atopy, including pododermatitis and pruritus 
(b) Conjunctivitis in a cat secondary to Chlamydophila 
infection 


Diagnosis 

The diagnosis is based on clinical signs. In cats, in- 
fectious conjunctivitis is more common than in dogs, 
and conjunctival scrapings and bacterial cultures 
should be submitted. In dogs, the two most common 
causes are allergic or non-infectious conjunctivitis and 
bacterial conjunctivitis secondary to KCS. Other signs 
of allergies (e.g. alopecia, pruritus) might be present 
in allergic conjunctivitis. A Schirmer tear test should 
be performed to rule out KCS. Other diagnostic tests 
including fluorescein stain, tonometry and FeLV/FIV 
serology (cats) may be indicated. 


Treatment 

The treatment is based on the underlying cause. The 
eye(s) should be irrigated with sterile eyewash. In cats, 
topical antibiotic ointment (tetracycline or erythromycin 
q6-8h) should be used. The antibiotic is then changed 
based on culture and sensitivity results. Topical anti- 
viral ointment (vidarabine or trifluridine, if available, 
q2-4h) should be considered in cats with recurrent 
herpes conjunctivitis. In dogs, once bacterial conjunc- 
tivitis is ruled out (via cytology), topical corticosteroids 
with or without antibiotics (prednisolone acetate 1% 
q8h, neomycin—polymyxin—dexamethasone q6h) can 
be used. If KCS is the underlying cause, topical antibi- 
otics should be started along with the treatment for KCS. 


Prognosis 


Many cases of allergic and viral conjunctivitis are re- 
current. Owners should be warned of this because 
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many get frustrated when the disease returns. An 
ophthalmologist should be consulted in recurrent or 
non-responsive cases. 
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Approach to gastrointestinal 


emergencies 


Kate Murphy and Sheena M. Warman 


Introduction 


Animals with acute onset of gastrointestinal (Gl) signs 
and/or abdominal pain present certain diagnostic and 
therapeutic challenges to the veterinarian. Immediate 
and aggressive therapy may be required and a frequent 
dilemma for the practitioner is the decision as to whether 
the patient requires conservative medical management 
or surgery. Further, the practitioner must decide if the 
surgery should be performed immediately or after a 
period of medical stabilization. This chapter will con- 
centrate on the diagnostic approach to patients pre- 
senting with gastrointestinal signs, the diagnostic tests 
available for abdominal disease and the management 
of the non-surgical abdomen. Chapter 12 will discuss 
management of the surgical abdomen. 


Diagnostic approach 


History and physical examination 

Triage is essential when animals are presented in an 
emergency, allowing assessment of the major body 
systems with identification of any life-threatening 
abnormalities, and implementation of any urgent 
stabilization measures if necessary. As soon as the 
patient is stable, a full history (Figure 11.1) should be 


Medications, e.g. ibuprofen, paracetamol 

Toxin access, e.g. lead, ethylene glycol 

Progression of illness 

Systemic manifestations of disease: 
Differentiate vomiting and regurgitation - sas ary mam 
wits PaT teed soci Sooo: 
passive. Note that patients can have both 
Establish nature of diarrhoea, e.g. small or large intestinal, 
presence of fresh blood or melaena 
Abnormal behaviour, e.g. ‘praying’ stance consistent with 
cranial abdominal pain 
Cover all body systems, e.g. appetite, weight, polyuria/ 
polydipsia, respiratory signs 


EE History checklist. 


obtained and a complete physical evaluation per- 
formed. Although the patient may be presenting with 
an acute problem, it is essential that historical ques- 
tioning establishes whether this may be a chronic prob- 
lem with acute decompensation. Information regarding 
the age and sex of the patient might refine the differ- 
ential diagnoses, e.g. young patients are more likely 
to have viral or parasitic causes of gastroenteritis, or 
to have ingested a foreign body. Linear foreign bod- 
ies are particularly common in young cats and it is 
important to check under the tongue for trapped ma- 
terial such as string. Pyometra, pancreatitis and dia- 
betic ketoacidosis (DKA) should be considered in older 
dogs with vomiting and/or diarrhoea. Hyperthyroidism, 
DKA and chronic renal failure deserve consideration 
in geriatric cats. Other potential causes of an acute 
gastrointestinal presentation include toxin access and 
non-GI disease, e.g. acute urethral obstruction or 
hypoadrenocorticism. 

Physical examination (see Chapter 1) should be 
complete, starting with assessment of major body sys- 
tems (cardiovascular, respiratory and central nervous 
systems) and then assessing all body systems with a 
strong focus on abdominal palpation (Figure 11.2). The 
hydration status of the patient should be assessed 
and, if indicated, fluid therapy can be initiated after 
collection of blood samples and/or urine for analysis. 


Visual evaluation for evidence of abdominal distension or bruising 
Abdominal auscultation for increased borborygmi (acute enteritis, 
acute obstruction) or decreased boroborygmi (peritonitis, ileus, 
chronic obstruction, abdominal effusion) 

Four-quadrant approach to abdominal palpation to ensure full 
evaluation. Elevation of forelegs may aid detection of cranial 
abdominal abnormalities 


Assess for organomegaly, masses, foreign body, intussusception, 
lymphadenopathy 


Diffuse — diffuse gastroenteritis, peritonitis, referred spinal pain 
Assess for fluid — ballottement, presence of fluid thrill 
Rectal examination, assess faecal character 


Assess urogenital tract 


eS A guide to the physical examination of patients 
with gastrointestinal emergencies 
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Vascular access and the principles of fluid therapy are 
covered in Chapters 2 and 4 and will be discussed in 
this chapter with respect to symptomatic treatment. 


Clinical signs Dietary Indiscretion, intolerance 

The typical signs of gastrointestinal disease include Parasitic Roundworms, hookworm, Giardia, coccidia 
regurgitation, vomiting, diarrhoea, weight loss, vari- 

able appetite and abdominal pain. The major differ- Viral Parvovirus, coronavirus 
ential diagnoses for acute presentations of Bacterial Salmonella, Campylobacter 
regurgitation, vomiting, diarrhoea and abdominal pain 


are detailed in Figures 11.3, 11.4, 11.5 and 11.6. Intestinal a a aa O 
gastroenteritis, neoplasia 
Non-intestinal Infectious canine hepatitis, 
Metabolic/endocrine , acute renal failure 


Hypoadrenocorticism 
(e.g. leptospirosis), hepatic disease 


Intestinal Obstruction (foreign body, intussusception), 
bowel disease, haemorrhagic 


Non-intestinal | Pancreatitis 
intra-abdominal 


TED Differential diagnosis of acute small and large 
intestinal diarrhoea. 


[psta] Differential diagnosis of regurgitation. 
Gastrointestinal | Gastric dilatation (+ volvulus), ulceration, 


obstruction, foreign body 
Small intestinal obstruction, foreign body, 
ulceration 


ech ties: ably Ae > Large intestinal disease 
Intestinal Inflammatory bowel disease, , Urinary Bladder or urethral obstruction/rupture, acute 
Non-gastrointestinal, | Pancreatitis, pancreatic neoplasia Genital Pyometra, metritis, uterine torsion, dystocia 
intra-abdominal (cholangio)hepatitis, biliary obstruction or ae ee 

Jere a an} Hepatobiliary | Hepatic lobe torsion, haematoma, abscess, 
Metabolic/endocrine | Hypoadrenocorticism, renal failure, Biliary obstruction/rupture, inflammation, 

diabetic ketoacidosis, hyperthyroidism, cholelithiasis 

encephalopathy, Pancreatitis, abscess, necrosis 


Neoplasia, torsion, infarction, splenitis 


Drugs Erythromycin, chemotherapy, digoxin ; 
Toxins Ethylene glycol, strychnine a 
Peritonitis (septic, pana, bile), 

Neurological Vestibular disease, inflammatory or i 

neoplastic central nervous system disease, ——— 

elevated intracranial pressure Body wall/skin | Hernia, penetrating injury, panniculitis 
Infectious ere: Caen aoe Referred pain | Spinal pain (intervertebral disc disease, ' 

enteritis, salmonellosis, parasites pelvic trauma i 

TED Differential diagnosis of acute vomiting. (11.6 | Differential diagnosis of abdominal pain. 
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Clinical pathology 

An emergency database (packed cell volume (PCV), 
total solids (TS) or total protein (TP), glucose and urea 
estimation, electrolytes, and evaluation of a blood 
smear) should be performed in all clinically ill emer- 
gency patients (see Chapter 1). A minimum database 
that includes haematology, biochemistry and urinaly- 
sis should be submitted in all emergency patients with 
Gl signs, to aid in early diagnosis and appropriate treat- 
ment including fluid therapy. For a full description of 
the laboratory evaluation of gastrointestinal, pancre- 
atic and hepatic disease, the reader is referred to the 
BSAVA Manual of Canine and Feline Clinical Pathology 
and the BSAVA Manual of Canine and Feline Gastro- 
enterology. Tests which are particularly useful for 
patients with gastrointestinal disease include: 


* Routine haematology including smear 

assessment: 

— Inflammatory leucogram with inflammatory/ 
infectious disease 

— Elevation of red cell parameters with 
haemoconcentration 

— Eosinophilia with gastrointestinal parasites 

— Lymphopenia with lymphangiectasia or stress 

— Lack of a stress leucogram with 
lymphocytosis, eosinophilia and an 
inappropriately normal neutrophil count with 
hypoadrenocorticism 

* Total protein, albumin, urea, creatinine, alanine 

aminotransferase (ALT), alkaline phosphatase 

(ALP) (and gamma-glutamyl transferase (GGT) in 

cats), bilirubin, sodium, potassium and chloride: 

— Panhypoproteinaemia (decreased albumin 
and globulin) most suggestive of protein-losing 
enteropathy (PLE), but hypoalbuminaemia 
alone may be seen with PLE 

— Hyperglobulinaemia seen in cats with feline 
infectious peritonitis (FIP) and lymphocytic 
cholangitis 

— Elevations in urea and creatinine suggest 
either prerenal azotaemia (dehydration, 
hypovolaemia), renal disease or postrenal 
azotaemia. Concurrent measurement of the 
urine specific gravity, urine volume and 
serum calcium and phosphorus will help to 
identify the underlying cause. Elevation in 
blood urea alone can occur with 
gastrointestinal bleeding. An increased 
serum urea:creatinine ratio may be helpful in 
non- or mildly azotaemic patients to support 
a suspicion of gastrointestinal haemorrhage 
although the authors do not use this ratio. 
Low blood urea is associated with hepatic 
dysfunction, particularly portosystemic shunts 

— Elevations in ALT, ALP, GGT and bilirubin 
suggest hepatic disease. If GGT is normal 
and ALT and ALP are increased in a cat, 
hepatic lipidosis is an important differential 

— Hyponatraemia and hyperkalaemia are 
typical of primary hypoadrenocorticism, 
although the classic electrolyte changes are 
not always present. This pattern of electrolyte 
abnormalities can also be seen with severe 


secretory intestinal disease, e.g. 
salmonellosis and Trichuris infection, and 
some other less common diseases, e.g. 
pseudoaddison’'s in late pregnancy 
+ Amylase and lipase can aid the diagnosis of 
pancreatitis if increased more than two to five 
times the upper normal limit. However they are 
neither sensitive nor specific, especially in cats 
* Urinalysis: specific gravity, dipstick and 
sediment analysis 
* Faecal analysis 
— Routine parasitology 
— Viral (e.g. enzyme-linked immunosorbent 
assay (ELISA) or polymerase chain reaction 
(PCR) for parvovirus, electron microscopy for 
some viruses, viral isolation techniques) 
— Microbiological culture. 


Additional blood tests may include: 


* Adrenal function: ACTH stimulation test 

* Gastrointestinal function: serum folate and 
cobalamin 

* Pancreatic function: serum pancreatic lipase 
(PLI). PLI is a more sensitive and specific 
indicator of pancreatic inflammation than are 
amylase and lipase, and the test is available for 
both dogs and cats 

* Hepatic function: 
— Serum bile acids 
— Blood ammonia. 


Abdominal imaging 

Survey radiographs of the abdomen (lateral and 
ventrodorsal views) are indicated in animals present- 
ing with acute vomiting, diarrhoea or abdominal pain. 
Ventrodorsal radiographs should only be performed 
once the patient has a stable cardiovascular system. 
Survey radiographs may show: 


* Decreased serosal detail: 
— Loss of intra-abdominal fat, e.g. cachexia 
— Free peritoneal fluid/ascites, e.g. peritonitis 
(septic/non-septic), haemoabdomen 
— Localized loss of detail in the right cranial 
quadrant + lateral displacement of the 
duodenum can be consistent with 
pancreatitis (see Figure 12.2) 
* Organomegaly 
Mass 
* Gaseous Gl tract distension: 
— Gastric dilatation (+ volvulus) (see Figure 12.6) 
— lleus (generalized small intestinal distension) 
— Focal bowel loop distension — normally fluid 
filled, particularly if secondary to intestinal 
obstruction, but can be gas filled 
— As a guide, the maximum normal width of a 
loop of intestine (from serosal surface to 
serosal surface) should be less than 1.6 times 
the height of L5 (at the narrowest point of L5 
on a lateral radiograph) (Graham et al., 1998) 
* Other evidence of full or partial GI obstruction, 
e.g. ‘gravel’ sign, plicated small intestine 
* Radiodense foreign bodies 
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* Abnormalities of the diaphragm or body wall, 
e.g. ruptured diaphragm, hernia 
* Free air/pneumoperitoneum (see Figure 12.3): 
— Hollow viscus rupture 
— Non-surgical causes of pneumoperitoneum, 
e.g. recent (<18 days) abdominal surgery, 
possibly open-needle abdominocentesis 
— Occasionally pneumothorax/ 
pneumomediastinum results in 
pneumoretroperitoneum or, very rarely, 
pneumoperitoneum. 


Radiographs of the thorax (right and left lateral and 
dorsoventral) are indicated in any patient where neo- 
plastic disease is suspected, as part of a screen for 
metastatic disease. In addition, in patients with regur- 
gitation or suspected oesophageal disease, plain radio- 
graphy may be useful for identifying gross dilation of 
the oesophagus (Figure 11.7) and to evaluate for evi- 
dence of aspiration pneumonia. If plain radiographs are 
inconclusive, a barium swallow may be helpful to iden- 
tify structural oesophageal lesions or motility abnormali- 
ties. The reader is referred to Chapter 12 for indications 
for surgical exploration of the abdomen. 


Radiograph showing gross dilation of the 
oesophagus with air 


Abdominal ultrasonography is an extremely use- 
ful imaging modality in patients with acute abdominal 
disease. It is more sensitive than radiography for de- 
tecting small volumes of abdominal fluid (<4 ml/kg) 
and helps to characterize lesions in solid tissues. Small 
volumes of fluid are seen most readily around the apex 
of the urinary bladder or between liver lobes in the 
cranioventral abdomen. Ultrasonography can also 
prove very helpful in diagnosing certain conditions, 
e.g. pancreatitis (Figure 11.8) and intussusceptions. 

The BSAVA Manual of Canine and Feline Gastro- 
enterology and the BSAVA Manual of Small Animal 
Diagnostic Imaging should be consulted for a full 
description of the application of radiography and 
ultrasonography in abdominal imaging. 


Endoscopy 

Endoscopy can be used for both diagnostic and thera- 
peutic purposes. In emergency patients, it is a useful 
technique for aiding removal of oesophageal or gastric 
foreign bodies and, in stabilized critically ill patients, it 
can be used to facilitate gastrostomy tube placement. 
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( 11.8 | Ultrasonographic image showing severe 
pancreatitis with several hyperechoic foci 


within the pancreatic parenchyma 


Endoscopy is also an excellent minimally invasive 
diagnostic technique for evaluating mucosal lesions 
(Figure 11.9) in the gastrointestinal tract. The oesopha- 
gus can be examined with endoscopy but biopsies 
are difficult because of the tough nature of the mu- 
cosa. Gastric and intestinal biopsy specimens should 
be collected and submitted for histopathology even if 
the tissue looks grossly normal. Due to the superficial 
nature of endoscopic biopsy specimens, deeper 
lesions can be missed and full-thickness biopsies may 
be required if a diagnosis is not reached. Endoscopy 
does not permit examination of the whole intestinal 
tract, and therefore lesions may be missed. The BSAVA 
Manual of Canine and Feline Gastroenterology 
contains a chapter on gastrointestinal endoscopy to 
which the reader is referred for further information. 


Endoscopic images 

(a) Oesophagitis 

(b) Gastric ulcer 

(c) Gastric tumour 

(a and c courtesy of E Hall) 


Abdominocentesis 

If free abdominal fluid is suspected based upon physi- 
cal examination and/or diagnostic imaging, abdomi- 
nocentesis should be performed to obtain fluid for 
biochemical and cytological analysis. Blind abdomi- 
nocentesis is most successful in patients with large 
volumes of fluid. In those with smaller effusions, the 
chances of fluid retrieval can be increased using 
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ultrasound-guided aspiration. If either of these tech- 
niques is unsuccessful, but the presence of fluid is still 
suspected, diagnostic peritoneal lavage should be per- 
formed. Contraindications to abdominocentesis include 
severe coagulopathy or thrombocytopenia, marked dis- 
tension of an abdominal viscus, severe organomegaly 
and previous abdominal surgery which may have re- 
sulted in adhesions of the bowel to the body wall. 
Abdominocentesis is performed using either a sin- 
gle centesis or a four-quadrant approach (increasing 
the chances of fluid retrieval if the procedure is per- 
formed without ultrasound guidance) (Figure 11.10). 


1. The patient is usually restrained in right lateral recumbency. 

2. The abdomen is clipped and prepared as for a sterile surgical 
procedure. 

3. Sites for placement of the needles are shown in Figure 11.11. 
Either a hypodermic needle or over-the-needle catheter may be 
used. 

4. - The first needle is placed in the ventral aspect of the right 
cranial quadrant: 

- Minimizes the risk of splenic or bladder penetration 

- Fluid tends to pool in this area as a result of gravity and 
diaphragmatic movement. 

5. The needle can be left open (open-needie abdominocentesis) 
or attached to a syringe (closed-needle abdominocentesis): 

-  Open-needle centesis is more likely to result in fluid flow 
as suction with a syringe will tend to draw the omentum or 
viscera on to the needle. It may result in small volumes of 
air entering the abdominal cavity and this should be taken 
into account when interpreting subsequent abdominal 


radiographs 

- The needle can be twisted gently to try to encourage fluid 
flow 

- With abdominocentesis, the needle should be 


left in place for 1-2 minutes. If no fluid is obtained, then 
gently aspirate with a syringe (Figure 11.12). 

6. If no fluid is obtained following gentle aspiration, the procedure 
can be repeated in the other three sites; right caudal, left 
cranial (risk of splenic penetration), left caudal. 

7. False-positive results can be obtained if the needle punctures 
the bladder, spleen or gastrointestinal tract. 

8. If blood is aspirated, stop the aspiration, place the blood into a 
glass tube and observe for clot formation. Blood from the 
abdominal cavity will not clot, whereas blood from a vessel or 
organ will clot. 


(11.10 | Abdominocentesis 


gD The four-quadrant approach to 
abdominocentesis. Arrows show suitable 


positions for needle insertion 


gB Gentle aspiration of an abdominal effusion 
using a syringe and over-the-needle catheter 


Diagnostic peritoneal lavage 

Diagnostic peritoneal lavage (DPL; Figure 11.13) 
should be performed if abdominocentesis has not 
yielded fluid, but suspicion for the presence of ab- 
dominal fluid or inflammation remains high. DPL can 
detect small volumes of fluid (1—4.4 ml/kg) and is 
also a useful technique in patients suspected of hav- 
ing peritonitis, but where abdominal fluid has not yet 
formed in detectable volumes or is sequestered by 
the omentum. 

DPL can be performed using specialized periton- 
eal dialysis catheters or a modified over-the-needle 
catheter. The authors fenestrate the over-the-needle 
catheter with a scalpel blade to create additional 


1. The patient is restrained in lateral or dorsal recumbency. 
Sedation can be used if needed. The urinary bladder should be 
emptied. 

2. The abdomen is clipped and prepared for a sterile surgical 
procedure. 


3. If using an over-the-needle catheter, a stab incision is made in 
the skin and then the catheter is inserted through the 
abdominal wall caudal to the umbilicus. The catheter is aimed 
caudally towards the pelvis and once the abdominal wall is 
penetrated, the catheter is slid off the stylet into the abdomen 
and the stylet is removed. 

4. If using a DPL catheter, the needle stylet is introduced as 
above and the J-wire is fed through the stylet into the 
abdomen. The stylet is removed, leaving the guidewire in place. 
The dialysis catheter is then placed over the guidewire into the 
abdomen and the wire removed. 

5. Warm isotonic crystalloid is then infused using gravity flow/ 
gentle injection into the abdomen. A total volume of 10-20 
ml/kg is infused. 

6. The animal is gently rolled from side to side to distribute the 
fluid, ideally with the dialysis catheter still in situ. If the catheter 
becomes displaced during the procedure then a right quadrant 
tap can be performed using a blind technique. 

7. Fluid is then allowed to drain into a sterile container. It is not 
unusual to retrieve only a very small proportion of the infused 
volume. This cannot be used for quantitative analysis because 
the dilution factor is unknown. However, cytological analysis 
can be very helpful, particularly if degenerate neutrophils or 
bacteria are identified. 


gamn Diagnostic peritoneal lavage 
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(11.14) Classification of abdominal fluids based on cytology and total protein content. 


drainage holes. The catheter should be fenestrated 
whilst on the metal stylet; V-shaped incisions are made 
to create fenestrations in a spiral pattern around the 
catheter. Care should be taken to ensure that fenestra- 
tions are not made directly opposite each other (which 
would weaken the catheter) and it is also important 
that no burrs remain which could impair entry and exit 
of the catheter. The holes should not extend beyond 
50% of the circumference of the catheter or there is a 
risk of breakage at this weak point. 


Peritoneal fluid analysis 

Peritoneal fluid analysis is an essential part of the evalu- 
ation of the patient with acute abdomen, and can assist 
in making the decision as to whether surgery is appro- 
priate. The fluid should be collected into an EDTA tube 
(cytology) and two plain tubes (biochemistry and bac- 
teriology). The fluid should be assessed as follows: 


* Gross appearance (including odour): clear, 
serosanguineous, haemorrhagic, purulent, chylous 

* PCV measurement. The abdominal fluid from a 
patient with simple acute haemoabdomen will 
have a PCV close to circulating PCV. In patients 
where the abdominal fluid has a lower PCV (often 
in the 4-12% range) there may be a component 
of haemorrhage but another concurrent cause for 
the abdominal fluid should also be sought 

* Total solids on refractometer or total protein 
measured on biochemistry analyser 

* Total nucleated cell count 

* Cytology (direct smear or spun sediment) 

* Additional biochemical tests as indicated (e.g. 
creatinine, potassium, amylase, lipase, bilirubin, 
lactate, glucose) 

* Culture when indicated (high numbers of 
neutrophils in the fluid, bacteria). 


The reader is referred to the BSAVA Manual of 
Canine and Feline Clinical Pathology for a detailed 
description of fluid analysis. Classification of abdomi- 
nal fluid into transudates, modified transudates and 
exudates is shown in Figure 11.14. 


Management of specific medical 
conditions 


Oesophageal 


Regurgitation 

Regurgitation is a passive event and results in expul- 
sion of undigested food and/or mucus. It is a sign of 
oesophageal disease and can be complicated by the 
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development of aspiration pneumonia. The differential 
diagnoses of regurgitation are discussed in Figure 11.3. 
Diagnosis is based upon the history and physical ex- 
amination. Oesophageal dilation may be evident on 
plain thoracic radiographs, but in some cases contrast 
studies (e.g. barium swallow with fluoroscopy) will be 
needed to diagnose oesophageal motility abnormali- 
ties. Thoracic radiographs should be evaluated for evi- 
dence of aspiration pneumonia. Further investigation 
of regurgitation may include oesophagoscopy to as- 
sess for structural lesions or blood tests for myas- 
thenia gravis (acetylcholine receptor antibody titres), 
hypothyroidism and hypoadrenocorticism. 

Treatment of regurgitation involves management 
of the underlying condition if this is possible (e.g. 
medical treatment of hypothyroidism, hypoadreno- 
corticism, myasthenia gravis, polymyositis, oesophagi- 
tis; ligation and resection of a vascular ring anomaly). 
For cases of idiopathic megaoesophagus/oesopha- 
geal dysmotility and whilst treating the underlying con- 
dition, the treatment aims include: 


* Elevated feeding — aim to maintain the 
gravitational effect for 10-15 minutes after eating 

* Modify the texture of the food to find the ideal 
consistency for that patient, e.g. meatballs, 
liquid diet 

* Feed a high-calorie diet in small frequent meals 
(four to six times daily) 

* Pro-kinetic drugs have variable benefit but may 
be of more use in cats than dogs 

* Treatment of aspiration pneumonia if present with 
broad-spectrum intravenous antibiotics, 
intravenous fluid therapy, nebulization and coupage 

* If the patient is unable to maintain their body 
weight, consider placement of a gastrostomy 
tube for feeding. This will not prevent aspiration 
pneumonia as saliva can still be inhaled, but will 
allow nutritional support. 


Oesophagitis 

Oesophagitis can occur secondary to acid reflux (an- 
aesthesia, vomiting, hiatal hernia), or following inges- 
tion of irritant substances. Clinical signs of oesophagitis 
include hypersalivation, anorexia, regurgitation and 
odynophagia (pain on swallowing). Oesophagoscopy 
demonstrates the presence of mucosal erosions and 
ulceration and is useful to evaluate for secondary com- 
plications such as stricture formation. 

Treatment includes the use of mucosal protectants 
such as sucralfate, and drugs to reduce acid produc- 
tion (e.g. a proton pump inhibitor). If oesophagitis oc- 
curs secondary to vomiting, it should also be managed 
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with anti-emetic therapy and treatment of the primary 
cause. The severity of the oesophagitis determines the 
nutritional plan. With mild cases, food should be with- 
held for 24—48 hours and then small frequent meals of 
a low-fat diet introduced. If the oesophagitis is severe, 
oral feeding may not be tolerated for several days and 
placement of a gastrostomy tube should be considered 
to allow delivery of adequate nutrition. Most cases 
will improve with medical management, but some may 
develop a stricture necessitating further treatment 
(balloon dilation, bougienage). Some patients unfortu- 
nately do not respond to treatment. 


Gastric/intestinal 


Acute vomiting 
The differential diagnoses of acute vomiting are de- 
tailed in Figure 11.4. A thorough history and physical 
examination are essential parts of the investigation of 
acute vomiting and a minimum database (including 
electrolytes) should be performed to evaluate for sys- 
temic/metabolic causes of vomiting. Abdominal radio- 
graphy and ultrasonography can be useful to rule out 
obstruction and foreign bodies, to assess the pres- 
ence of gastrointestinal lesions and to evaluate for 
extra-intestinal causes of vomiting e.g. pancreatitis. 
Gastroduodenoscopy is useful to assess the presence 
of mucosal lesions, neoplastic disease and foreign 
bodies. However in some patients further laboratory 
evaluation or exploratory laparotomy may be indicated 
based on early findings. 

Management of the acutely vomiting patient 
should include: 


* Treatment of the underlying cause 
* Supportive care. The majority of cases of acute 
vomiting are secondary to dietary indiscretion 
and should resolve with symptomatic therapy: 
— Intravenous fluid therapy 
— Nil by mouth for 24 hours 
— Small volumes of water can then be offered 
and, if tolerated, a highly digestible, low-fat 
diet can be introduced in small amounts fed 
frequently 
* If vomiting is unresponsive to symptomatic 
therapy or is severe, then anti-emetic therapy 
should be used. Anti-emetics should only be used 
once obstructive disease has been excluded 
+ Antiparasitic therapy should be considered if 
gastrointestinal parasitism (Giardia, ascarids, 
Trichuris vulpis) is a possible cause of the 
vomiting. 


Gastric ulceration 
Gastric ulceration can occur secondary to a number 
of events including: 


¢ Drug administration (non steroidal anti- 
inflammatory agents (NSAIDs), corticosteroids) 
Hypotension, shock, sepsis 

Mast cell tumour, gastrinoma 

Renal and hepatic disease 

Gastric foreign body 

Gastric wall neoplasia. 


Clinical signs usually include vomiting and the pres- 
ence of ‘coffee grounds’ or fresh blood suggestive of 
gastric bleeding. Melaena can also be present. If the 
patient loses a significant amount of blood acutely, 
systemic signs of acute blood loss will be seen. The 
minimum database may reveal evidence of blood-loss 
anaemia (which, if chronic, may be microcytic and 
hypochromic) and serum proteins may also be 
decreased. Systemic bleeding disorders can result in 
gastric bleeding and should be excluded by checking 
platelet numbers, performing a buccal mucosal bleed- 
ing test and evaluating clotting times (prothrombin time 
(PT), activated partial thromboplastin time (APTT)). 
Abdominal radiography and ultrasonography may 
yield useful information. Gastroscopy allows evalua- 
tion of mucosal lesions and biopsy specimen collec- 
tion for histopathology. In some cases it can be difficult 
to differentiate grossly between gastric ulcers (see 
Figure 11.9b) and gastric tumours (see Figure 11.9c). 
Deep biopsy specimens from the edge of the lesion 
are required but misdiagnosis remains a possibility if 
the specimens reflect surface inflammation and not 
deeper tumour infiltration. 

Treatment includes use of H, antagonists or pro- 
ton pump inhibitors in combination with a mucosal 
protectant, e.g. sucralfate. In a recent study, Bersenas 
et al. (2005) have shown that proton pump inhibitors 
and famotidine are most effective at suppressing acid 
secretion. If NSAID administration causes ulceration, 
misoprostol could be used to protect against further 
ulceration. Intravenous fluids should be given until 
oral therapy is tolerated, and prokinetics and/or anti- 
emetics may be needed. If blood loss has been 
severe, treatment with whole blood products or 
haemoglobin-based oxygen carrier solutions should 
be considered. Occasional severely affected animals 
may require surgical resection of deep focal ulcers, 
especially if there is any evidence of perforation. 


Acute small bowel diarrhoea 

The differential diagnoses for acute small bowel diar- 
rhoea are detailed in Figure 11.5. A thorough history 
and physical examination are important and the clini- 
cian should try to characterize the diarrhoea as small 
or large intestinal in nature, or both. Small bowel diar- 
rhoea is recognized by the production of large vol- 
umes of watery or soft stool. Straining with production 
of small volumes of faeces or mucus is more consist- 
ent with large bowel diarrhoea (colitis, see below). 
Haemorrhage, if originating in the small intestine 
where the blood will be digested before it reaches the 
colon, is manifested by the presence of dark brown or 
black stool (melaena). Haemorrhage that occurs in 
the colon will be manifested in the faeces as un- 
digested, red blood. When patients are presented 
with diarrhoea, systemic disease should be excluded 
using a minimum database. If the patient is clinically 
stable then a symptomatic approach can be used for 
initial management of acute diarrhoea: 


* Withhold food for 24 hours; allow free access to 
water so long as there is no vomiting 

* Reintroduce food as small, frequent feeds of a 
low-fat, easily digestible diet 
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* Gradually reintroduce the normal diet once the 
signs have resolved 

* Oral rehydration solutions can be used to 
address fluid losses 

* If the patient is not regularly wormed, consider 
treatment for giardiasis and trichuriasis with 
fenbendazole 

+ Anti-secretory drugs and motility modifiers (e.g. 
loperamide, diphenoxylate, butylscopolamine) 
are not favoured by the authors as they make 
assessment of response to treatment difficult. 


In patients with more severe systemic signs (e.g. 
haemorrhagic diarrhoea, shock, painful abdomen) the 
following should also be considered: 


* Intravenous fluid therapy including management 
of electrolyte and acid-base abnormalities 

* Further diagnostics including blood tests, 
abdominal imaging (see above) 

* Intravenous antibiotics, particularly if there is 
haemorrhage or evidence of sepsis. 


Haemorrhagic gastroenteritis 

Haemorrhagic gastroenteritis is caused by acute loss 
of integrity of the gut mucosa. Clostridium perfringens 
has been implicated as a causal agent. It is reported 
typically to affect small-breed, middle-aged dogs but 
can be seen at any age and in any sized dog. Clinical 
signs include acute vomiting, progressing to 
haemorrhagic diarrhoea, dehydration and potentially 
shock. Septic shock can be seen due to translocation 
of bacteria across the compromised mucosa. The diar- 
rhoea contains fresh blood and sloughed intestinal 
mucosa. Diagnosis is based upon the history and 
physical examination and can be assisted by some 
classical laboratory features. The PCV in these 
patients is generally >60% with normal or high total 
solids initially. Albumin will typically drop once treat- 
ment is started. Faecal cytology may show clostridial 
spores and assays are available for faecal clostridial 
enterotoxin. Treatment includes: 


* Intravenous fluid therapy with an isotonic 
replacement solution. The rates should be 
appropriate to the patient's cardiovascular 
status. Monitor PCV and total solids to guide 
therapy. Colloidal support may be needed in 
some cases 

* Potassium supplementation of the fluids may be 
required and ideally should be based upon 
serum potassium levels 

* Broad-spectrum intravenous antibiotics: 

— Penicillin or metronidazole to treat possible 
clostridia and reduce risk of sepsis following 
translocation of anaerobic bacteria 

— Amoxicillin/clavulanate, ampicillin or second- 
generation cephalosporin to reduce risk of 
sepsis from Gram-negative bacteria if GI 
integrity is severely compromised 

* Nil by mouth until vomiting is controlled and then 
introduce water and diet as for treatment of 
acute diarrhoea. 
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Canine parvovirus infection 

Parvovirus is an important cause of severe viral enter- 
itis. There are two strains of canine parvovirus. CPV- 
1 causes myocarditis, pneumonitis and gastroenteritis 
in very young puppies and CPV-2 causes classical 
parvovirus enteritis. Clinical signs occur 5-12 days 
after infection (faecal—oral route) and certain breeds 
(Dobermanns, Rottweilers, Pit Bull Terriers and Lab- 
rador Retrievers) appear more susceptible. The virus 
replicates in the intestinal crypts and clinical signs vary 
but include lethargy, anorexia, vomiting (possibly 
haematemesis) and diarrhoea beginning 24—48 hours 
after the initiation of vomiting. The diarrhoea can be 
haemorrhagic and profuse. Short-term severe protein- 
losing enteropathy can develop. Parvovirus can also 
cause bone marrow suppression resulting in neutro- 
penia and an increased risk of sepsis. Dogs may 
present with signs of septic shock. 

Diagnosis is made based on history (vaccination 
status), physical findings and additional laboratory 
analysis. Neutropenia with GI signs can be seen with 
parvovirus but also with salmonellosis or other severe 
infections. There may be biochemical changes such 
as hypokalaemia, prerenal azotaemia, increased liver 
enzymes and bilirubin, and hypoglycaemia. Dissemi- 
nated intravascular coagulation (DIC) can develop. 
Abdominal imaging is indicated to exclude GI obstruc- 
tion, however be aware that parvovirus can result in 
ileus with intestinal gas and fluid accumulation. Con- 
firmation of the diagnosis is via faecal ELISA for CPV-2 
even if the dog no longer has diarrhoea. The ELISA 
may be negative early in the disease or after 10—14 
days of infection. Additional faecal tests such as PCR 
are available. 

Treatment is supportive: 


* Intravenous fluids to correct fluid and electrolyte 
imbalance. Potassium supplementation is 
indicated. Supplement fluids with dextrose if the 
patient is hypoglycaemic and consider plasma or 
colloids if the oncotic pressure decreases 

* Antibiotics should be given to neutropenic, 
non-pyrexic dogs, e.g. amoxicillin/clavulanic 
acid or a first-generation cephalosporin. If the 
patient is showing signs of septic shock, broad- 
spectrum parenteral antibiotic cover should be 
provided. Clavulanate-potentiated penicillins 
provide good broad-spectrum coverage whereas 
first-generation cephalosporins have poor 
activity against anaerobes and Gram-negative 
organisms. Metronidazole can be used to 
improve anaerobe cover. Increased Gram- 
negative coverage can be provided by a second- 
generation cephalosporin, aminoglycoside (if 
renal function is adequate and hydration normal) 
or a fluoroquinolone (although this may be 
avoided in dogs less than 1 year of age). It 
should be noted that in recent years, resistance 
to first-generation cephalosporins in Gram- 
negative organisms has become more common, 
and knowledge of local resistance patterns may 
influence the choice of antibiotic. Further 
combinations are discussed in the section on 
Symptomatic management 
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* Anti-emetics to control vomiting; a constant rate 
infusion of metoclopramide is often effective and 
also has a prokinetic effect 

* Gastric protectants if there is gastrointestinal 
haemorrhage or oesophagitis 

* Recombinant feline interferon-omega may 
reduce mortality in dogs with parvovirus 

* Colony stimulating factor (G-CSF) can be used 
to increase neutrophil numbers but may not 
affect outcome 

* Nutrition is essential and parenteral nutrition 
may need to be considered if the vomiting is 
intractable. The enteral route should be used as 
soon as vomiting is controlled. 


Feline parvovirus/panleucopenia 

Feline parvovirus or feline infectious enteritis (FIE) is 
seen in unvaccinated cats and in locations with high 
population density. Clinical signs are similar to those 
in dogs and diagnosis is based upon history, physical 
examination, presence of neutropenia and faecal 
ELISA. There is cross-reaction between feline and 
canine parvoviruses so the same ELISA can be used. 
Treatment priorities are the same as in the dog. 


Acute colitis 

Colitis is a frequent presentation to general practition- 
ers. The differential diagnoses of acute large bowel 
diarrhoea are listed in Figure 11.5. Clinical signs of 
large intestinal diarrhoea include increased frequency, 
small volumes of faeces, urgency, tenesmus, mucus 
and fresh blood. Acute colitis is often self-limiting. Di- 
agnosis is based upon history and physical findings, 
which may be normal. Rectal examination should be 
performed. Faecal examination for parasites and 
clostridial spores is indicated. Further investigation 
should be performed if the patient is refractory to 
therapy or has more chronic signs. 

Symptomatic therapy for colitis is as follows: 


* Withhold food for 12-24 hours 

+ Antiparasitic drugs if the patient is not regularly 
wormed 

+ Use of a fibre-supplemented diet has been 
recommended to provide short-chain fatty acids 
as fuel for the colonocytes 

+ Antibiotics should not be used in all cases but if 
clostridial disease is suspected then amoxicillin, 
metronidazole or tylosin would be suitable 

* Sulfasalazine (and other immunosuppressants) 
should be reserved for chronic cases. 


Extra-intestinal 


Hepatic encephalopathy 

Hepatic encephalopathy (HE) is a term used to describe 
a myriad of neurological signs which result from im- 
paired hepatic clearance of metabolic products from 
the GI tract. Dogs and cats with HE may have con- 
genital or acquired portosystemic shunts (PSS), cirrho- 
sis/fibrosis or acute hepatic failure. Several factors are 
implicated in the development of these signs including 
ammonia, mercaptans and altered neurotransmitters. 
There is a species difference in the signs seen: 


* Dog: depression, stupor, coma, blindness, 
ataxia, occasionally seizures 

* Cat: aggression, seizures, blindness, ataxia, 
hypersalivation, discoloured iris (copper-coloured). 


In addition, these patients may have GI signs, poor 
growth (congenital PSS), polyuria/polydipsia (dogs), 
lower urinary tract signs due to the presence of urate 
calculi, renomegaly and occasionally coagulopathy. 

Diagnosis is based upon history and physical ex- 
amination but is greatly assisted by laboratory analy- 
sis. Elevated fasting ammonia or bile acids suggests 
hepatic dysfunction but if these are unremarkable, 
measurement of postprandial samples may increase 
sensitivity for detection of disease. Haematology and 
biochemistry may show other changes consistent with 
hepatic dysfunction (microcytosis, anaemia, 
hypoalbuminaemia, low urea, hypocholesterolaemia, 
possibly hypoglycaemia and possibly abnormal liver 
enzymes). Coagulation times should be assessed 
before any invasive procedures. Abdominal imaging 
(ultrasonography, scintigraphy) can help to confirm a 
diagnosis of congenital PSS and with acquired liver 
disease may indicate the need for hepatic biopsy. 

The treatment aims for a patient with HE are to: 


* Maintain fluid and electrolyte balance: 

— Potassium should be closely monitored as 
hypokalaemia may contribute to worsening of 
signs of HE 

— Fluids containing lactate should be used with 
caution as lactate is metabolized in the liver 

— Consider blood products if the patient is 
coagulopathic 

* Decrease absorption and production of ammonia 
and other toxins in the gastrointestinal tract: 

— Lactulose is an osmotic laxative agent which 
acidifies the colon and decreases absorption 
of ammonium ions. It decreases the quantity 
of ammonia-producing bacteria in the gut and 
hastens gut transit time so that there is less 
time for absorption of toxins. Lactulose can 
be given orally or, in severe cases, as a 
retention enema 

— Antibiotics with activity against colonic 
bacteria, thereby decreasing ammonia 
production, and with systemic activity as 
these patients are at increased risk for 
bacteraemia (e.g. ampicillin (enterally/ 
parenterally), neomycin (enterally) or 
metronidazole (enterally/parenterally)) 

* Decrease protein content of the diet whilst 
maintaining high biological value protein. 
Commercial diets are recommended for use. 

* Decrease precipitating factors: control 
constipation and GI haemorrhage. 


If patients have exhibited seizure activity, anti- 
epileptic medication should be started. Phenobarbital 
should be used cautiously and at reduced doses in 
patients with hepatic insufficiency. Alternatives include 
potassium bromide in dogs with intermittent seizure 
activity and propofol infusions in dogs or cats with sta- 
tus epilepticus. For further details see Chapter 9. 
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Hepatic lipidosis (feline) 
Hepatic lipidosis is a serious complication that usu- 
ally occurs secondary to other disease in the cat. It is 
typically seen in obese cats with a recent stressful 
event which has resulted in inappetance/anorexia. 
There is massive accumulation of fat in the cytoplasm 
of the hepatocytes, associated with acute hepatic fail- 
ure. Cats present with a history of anorexia, vomiting 
and icterus. They may have signs consistent with con- 
current pancreatitis and diabetes mellitus. 
Laboratory features include increased bilirubin, 
ALT and ALP concentrations, but normal/mildly in- 
creased GGT concentration. Ammonia and pre- and 
postprandial bile acids can also be increased. There 
may be coagulation abnormalities. Ultrasonography 
of the liver reveals diffuse hyperechogenicity of the 
parenchyma and generalized hepatomegaly. A fine 
needle aspirate can be diagnostic, but if not biopsy 
should be considered. Treatment includes: 


* Intravenous fluids to correct fluid and electrolyte 
imbalances. Potassium supplementation is likely 
to be needed and blood glucose, phosphate and 
other electrolytes should be monitored and 
managed as indicated. Phosphate can decrease 
as part of refeeding syndrome 12-72 hours after 
initiating feeding, and if hypophosphataemia is 
severe this could cause haemolytic anaemia 

* Treat any underlying cause 

* Nutritional support: 

— Naso-oesophageal tube feeding can be used 
for temporary support until the cat is stable 
enough for anaesthesia to place an 
oesophagostomy or gastrostomy tube, as 
tube feeding may be required for 4-6 weeks 

— The diet should contain high-quality protein 
(unrestricted quantity unless 
hyperammonaemic) with addition of taurine 
500 mg/day, carnitine 150-500 mg/day and 
thiamine 100-200 mg/day 

+ Anti-emetics can be used if the cat is vomiting, 
e.g. metoclopramide 

* Prokinetics can be used if there is delayed 
gastric emptying 

* Parenteral vitamin K1 can be used if the cat has 
a coagulopathy 

+ Additional therapy might include gastric 
protectants/antacids and appetite stimulants 
such as cyproheptadine 

* Hepatic encephalopathy may be present in 
severe cases and should be managed with 
lactulose and antibiotics. 


Acute pancreatitis 

Acute pancreatitis was classically thought of as a ca- 
nine disease but is now not an uncommon diagnosis 
in cats. Clinical signs vary in their severity between 
cases but include vomiting (dogs > cats), cranial ab- 
dominal pain (dogs > cats) and sometimes diarrhoea. 
Cats are more variable in their presentation and typi- 
cally will have weight loss, lethargy, anorexia, dehy- 
dration and may be hypothermic. Physical examination 
may reveal abdominal pain particularly in the cranial 
quadrants and in some patients a mass is palpated. 
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Body temperature may be elevated (more common in 
dogs) or decreased (more common in cats). Cardio- 
vascular abnormalities suggestive of hypovolaemic or 
distributive shock may be seen. If the pancreatic swell- 
ing causes biliary obstruction, icterus may develop. 
These patients are at risk of developing DIC. 

The diagnosis of pancreatitis is challenging. His- 
tory, physical examination and minimum database 
may be non-specific. Elevations in amylase and lipase 
concentrations can be useful in the dog (though not 
the cat) but they are not elevated in all cases and can 
be increased by some drugs and in patients with re- 
nal or gastric disease. Hypocalcaemia and hypogly- 
caemia are also reported in cats with acute 
pancreatitis. Radiography may provide some sugges- 
tions of pancreatitis (loss of serosal detail, lateral 
displacement of the duodenum). Abdominal ultra- 
sonography performed by a competent ultrasono- 
grapher is more sensitive than radiography in detecting 
changes consistent with pancreatitis which include: 


Increased size of the pancreas 

Heterogenous parenchyma 

Fluid accumulation around the pancreas 
Hyperechoic fat in the peripancreatic area 

Pain on ultrasonography of the pancreatic area. 


Abdominocentesis could also be performed as dis- 
cussed earlier in this chapter and generally shows a 
non-septic exudate. Measurement of species-specific 
blood pancreatic lipase levels (canine or feline pan- 
creatic lipase immunoreactivity, PLI) has greatly 
assisted the diagnosis of pancreatitis. 

Treatment of pancreatitis includes: 


* Intravenous fluid therapy to treat shock (if 
present) and replace maintenance requirements 
and losses 

* Nil by mouth until vomiting has stopped for at 
least 12 hours, then reintroduce small volumes 
of water. If this is tolerated a low-fat diet fed in 
small frequent meals can be started. 
Considering the risk of hepatic lipidosis, different 
recommendations are made in cats and feline 
patients should be fed a low-fat diet as soon as 
possible and if necessary via assisted feeding 

* Analgesia for abdominal pain. Opiates are 
generally recommended and if the pain is 
refractory, local analgesia or constant rate 
infusions can be added 

* Anti-emetics can be used to control vomiting 

* Antibiotics are generally not recommended in 
dogs unless there is evidence of sepsis or a high 
risk of bacterial translocation from the gut. 
Antibiotics are used more commonly in cats due 
to concerns about ascending infection via the 
common pancreatic/bile duct 

* Colloidal support ideally in the form of plasma 
can be helpful in patients with severe 
pancreatitis and secondary complications 
associated with DIC 

* If prolonged starvation is needed due to 
intractable vomiting, additional nutritional 
support should be considered. Enteral feeding 
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could be performed via a jejunostomy tube. In 
cats, naso-oesophageal feeding is commonly 
started, to minimize the risk of hepatic lipidosis. 
Some patients will tolerate trickle-feeding with 
electrolyte and glutamine solutions before they 
will tolerate food. If enteral nutrition is not 
possible and the patient has been starved for 
more than 3—4 days, partial or total parenteral 
nutrition should be considered 

* If an underlying cause is identified this should be 
treated specifically 

* Surgery is generally not indicated unless there is 
evidence of a pancreatic abscess, to facilitate 
placement of a feeding tube, to relieve 
obstruction of the common bile duct or to 
debride the pancreas. 


Patients with acute pancreatitis can develop acute 
renal failure, DIC, acute respiratory distress (ARDS, 
aspiration pneumonia) and diabetes mellitus. 


Causes of peritoneal effusion 


Haemoabdomen 

Abdominal haemorrhage can result from trauma or 
from rupture of intra-abdominal neoplasms, e.g. 
splenic haemangiosarcoma. It can also be associated 
with coagulopathies and liver disease, particularly in 
cats. The peripheral PCV will be normal until there is 
redistribution of fluid into the vascular space. Total 
solids (protein) may be decreased at presentation. 

If bloody fluid is collected by abdominocentesis, 
diagnostic samples should be collected initially and 
no attempt should be made to ‘drain’ the abdomen. 
The PCV of the fluid should be measured and com- 
pared to the PCV of the circulating blood. The fluid 
should be observed for clotting. Free fluid collected from 
the peritoneal cavity should not clot, however blood 
collected from an inadvertent centesis of an organ/ves- 
sel will clot, assuming no coagulopathy is present. If 
the PCV of the fluid is similar to the circulating PCV, 
assessment of the patient’s coagulation status should 
be considered as this suggests recent haemorrhage. 
If the haemorrhage stops and the patient receives fluid 
therapy, then the relationship between the circulating 
PCV and the fluid PCV will be altered. The fluid PCV 
will remain the same but the circulating PCV will de- 
crease due to the dilutional effect of fluid therapy. 


Peritonitis 


Septic peritonitis 
Septic peritonitis is the presence of suppurative in- 
flammation in the abdominal cavity. A diagnosis of 
septic peritonitis can be made if the abdominal fluid 
contains degenerate neutrophils and intracellular bac- 
teria (Figure 11.15). Typically the fluid is an exudate 
but modified transudates can occur. The most com- 
mon cause of septic peritonitis is rupture/perforation 
of the gastrointestinal tract. 

If the clinician suspects septic peritonitis, fluid 
should be submitted for aerobic and anaerobic cul- 
ture. Abdominal fluid glucose and lactate have been 


™ Microscopic images of a septic peritoneal 
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evaluated and are useful in distinguishing between 
septic and non-septic peritonitis. An abdominal fluid 
glucose <2.8 mmol/l has been shown to be 100% 
specific for septic peritonitis (Bonczynski et a/., 2003) 
in a small group of clinical patients. Lactate concen- 
tration >5.5 mmol/l in the abdominal fluid is consist- 
ent with septic peritonitis. 


Non-septic peritonitis 

Non-septic peritonitis is the presence of neutrophilic 
inflammation in the peritoneal cavity without intra- 
cellular bacteria, and can be caused by inflammatory 
processes such as pancreatitis, hepatitis, prostatitis, 
neoplasia, intestinal obstruction, a sequestered or 
‘walled off’ septic process, or previous antibiotic 
therapy of a patient with septic peritonitis. Neutrophil 
morphology is variable and degenerative changes may 
be present. Measurement of abdominal fluid amylase 
and lipase can be helpful in diagnosing pancreatitis 
in challenging cases; however pancreatitis could be 
primary or secondary to septic peritonitis. In the cat, 
feline infectious peritonitis (FIP) should always be 
considered as a possible cause of a non-septic exu- 
date or modified transudate. 


Bile peritonitis 

Biliary rupture can result from trauma, cholelithiasis, 
neoplasia or necrotizing cholecystitis. Bile leakage 
can result in abdominal effusion, pain and icterus. These 
signs can be delayed for 7—10 days after rupture of the 
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biliary system. Abdominocentesis yields a modified tran- 
sudate which progresses to an exudate. Generally bile 
peritonitis is sterile, however if the bile is infected then 
a septic exudate will develop and the prognosis is more 
guarded. Grossly the fluid is yellow—brown to green in 
colour. Microscopic assessment can reveal bilirubin 
crystals. Measurement of total bilirubin concentrations 
in the fluid and peripheral blood is useful. Higher 
bilirubin concentration in the abdominal fluid compared 
to blood confirms bile peritonitis and is an indication 
for exploratory laparotomy. 


Uroabdomen 

Uroabdomen results from rupture of the urinary tract. 
Urine can accumulate in the peritoneal and/or retro- 
peritoneal cavities. The nature of the fluid changes 
with time, severity of the leakage, and the presence 
or absence of infection; the fluid can be a transudate, 
modified transudate or an exudate. Cytology is con- 
sistent with inflammation. Measurement of creatinine 
and potassium in both the fluid and serum can be 
diagnostic of uroabdomen, with higher concentrations 
in the abdominal fluid compared to serum. A false- 
positive diagnosis of uroabdomen could be obtained 
in an azotaemic patient with an abdominal effusion 
related to other disease; in these patients rapid 
administration of intravenous fluids can result in de- 
crease of serum potassium and creatinine (dilutional) 
whilst the abdominal fluid levels are unchanged. 


Chyloabdomen 

Chyloabdomen is an unusual finding in an emergency 
patient. Diagnostic features include a milky/strawberry 
milkshake gross appearance, with total protein count 
similar to serum and higher triglycerides in the fluid 
than in serum. Causes include trauma, neoplasia, idio- 
pathic and FIP. 


Non-gastrointestinal causes of abdominal 
effusion 

It should be noted that right-sided cardiac failure, e.g. 
due to pericardial disease, or dilated cardiomyopathy 
can result in an abdominal effusion. These patients may 
also exhibit discomfort on palpation of the cranial ab- 
domen which may be secondary to hepatic engorge- 
ment. The presence of hepatojugular reflux can be 
useful to demonstrate the presence of right-sided 
cardiac disease. Other non-gastrointestinal causes of 
a transudative abdominal effusion include vascular 
occlusion by thrombi or neoplasms, portal hypertension, 
and hypoproteinaemia. 


Symptomatic management 


Figure 11.16 gives suggested doses of the commonly 
used drugs discussed below. 


Acid blockers 

Drugs that block secretion of gastric acid are an impor- 
tant element of treatment of oesophageal and gastric 
ulceration. Two classes of drugs are available: histamine 
(H,) receptor antagonists and proton pump inhibitors. 
There are no veterinary licensed products in the UK. 
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Cimetidine 5-10 mg/kg orally or i.v. q6-8h 
Famotidine | 0.1-0.5 mg/kg orally or i.v. q12h 
Nizatidine 1-3 mg/kg s.c., i.m. or i.v. q8h 
Ranitidine 1-2 mg/kg orally or i.v. q8-12h 
0.5-2 mg/kg orally q12h (cat) 
Amoxicillin 20 mg/kg orally q8-12h 
(+ clavulanate) | 20 mg/kg i.v. q8h 
Erythromycin Antibiotic 10 mg/kg orally q8h 
Prokinetic 1 mg/kg orally q8h 
Metronidazole | 10-20 mg/kg orally or i.v. q8—12h 
Higher doses (>50 mg/kg/day) may be 
associated with central vestibular signs 
Oxytetracycline | 10-20 mg/kg orally q8h 
Tylosin 10 mg/kg orally q8-12h 
Chlorpromazine | 0.2-0.4 mg/kg s.c. q8h 
Metoclopramide | 0.2-0.5 mg/kg orally or s.c. q8h or 1-2 mg/kg/ 
24h i.v. as a CRI 
Ondansetron 0.5-1.5 mg/kg i.v. q6h 
0.5-1 mg/kg orally q12-24h 
Fenbendazole | 50 mg/kg orally q24h for 3-5 days as broad- 
spectrum anthelminthic. See formulary for 
specific guidelines 
Ampicillin 10 mg/kg orally q8h 
Lactulose 1-15 ml orally q8h (dog) 
0.25-1 ml orally q8h (cat) 
Lactulose enema 20 ml/kg of 30% solution 


1 g per 30 kg orally q8h (dog 
aso meat oly aon 


malta 


| 0.7 (0.2-1) mg/kg slow i.v. or orally q24h for 
dogs 


(11.16 | Dose rates for commonly used drugs for 
treatment of gastrointestinal problems. 


There are four available H, antagonists; in the UK 
the most commonly used are cimetidine and ranitidine. 
Both can be given orally or parenterally. Ranitidine 
has some benefits over cimetidine in that it has an 
additional prokinetic effect and does not have hepatic 
side effects. Rapid intravenous administration of 
ranitidine can result in cardiac dysrhythmias. Rebound 
acid secretion after withdrawal of these drugs is high- 
est with cimetidine. 
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Proton pump inhibitors (PPIs) such as omeprazole 
irreversibly bind the proton pump and therefore are 
potent inhibitors of acid secretion. They can be ad- 
ministered once daily. Acid secretion is progressively 
blocked and reaches maximal activity after approxi- 
mately 5 days. Therapeutic effects persist for several 
days after cessation of therapy. Omeprazole is avail- 
able in capsules (contain enteric coated granule; must 
not be crushed) and as an intravenous preparation, 
and is recommended in cases of confirmed gastric 
ulceration or oesophagitis as it is the most effective 
drug for increasing gastric pH. 

Misoprostol is a synthetic prostaglandin analogue 
which inhibits gastric acid secretion and increases 
epithelial cell turnover. It can prevent and promote 
healing of gastric and duodenal ulcers, particularly 
those associated with NSAID use. It must not be used 
in pregnant animals, and pregnant staff or owners 
should not handle the drug. 


Analgesia 

Analgesia is important in patients with abdominal pain 
and should not be overlooked. Patients (especially cats) 
may not always show classical signs of pain and there- 
fore the clinician should remain aware of the likelihood 
that pain may be present in certain conditions, for ex- 
ample pancreatitis. Analgesia helps to reduce morbid- 
ity and mortality in many diseases. Treatment of the 
underlying cause of the pain will be the most effective 
management, but in the short term analgesia should 
be provided. If the patient is hypoperfused, if there is 
questionable renal function or if gastrointestinal ulcera- 
tion is suspected, then NSAIDs should be avoided. 
Opioid analgesia is appropriate, and suitable drugs 
include pethidine, buprenorphine, methadone and 
morphine. The reader is referred to the BSAVA Manual 
of Anaesthesia and Analgesia and Chapter 22 in this 
manual for further information about analgesia. 


Antibiotics 

If septic peritonitis is suspected or diagnosed, anti- 
biotic therapy should be started as soon as samples 
have been collected for culture. Broad-spectrum 
(Gram-positive and Gram-negative, aerobes and 
anaerobes), bactericidal intravenous antibiotics should 
be used. These are also indicated in patients with a 
high risk of bacterial translocation across the gastro- 
intestinal mucosa, e.g. gastrointestinal obstruction or 
ulceration. Suitable broad-spectrum antibiotic combi- 
nations include: 


* Penicillin and fluoroquinolone 

+ First-generation cephalosporin and 
fluoroquinolone 

* Second-generation cephalosporin 

* Metronidazole can be added to any of the above 
regimes to provide increased anaerobic coverage. 


Aminoglycosides or third-generation cephalo- 
sporins may be required to treat some infections of 
enteric origin, as bacteria exhibiting broad-spectrum 
antimicrobial resistance are being isolated from small 
animal patients with increasing frequency. Use of 
these drugs should be reserved for patients with a 


culture confirming they are required or for patients with 
severe sepsis that are not responding to the combi- 
nations suggested above. 

Antibiotics may also be considered in animals with 
acute infectious (bacterial) diarrhoea due to Salmonella 
or Campylobacter, severe haemorrhagic diarrhoea (in- 
creased risk of sepsis secondary to mucosal ulcera- 
tion), immunosuppression (e.g. parvovirus infection) 
and in patients with aspiration pneumonia secondary 
to oesophageal disease. Clostridium perfringens and 
C. difficile have been associated with severe diarrhoea 
and in particular have been linked to haemorrhagic 
gastroenteritis (HGE). Metronidazole is one of a number 
of antibiotics which are recommended for treating both 
clostridial species and should be considered in patients 
with HGE. 


Antidiarrhoeals 
Symptomatic management of diarrhoea (GI rest and 
introduction of a bland, easily digestible low-fat diet) 
is often all that is needed to resolve acute small bowel 
diarrhoea. In some situations additional therapy may 
be required although infectious and obstructive dis- 
ease must be excluded before these are introduced. 
Opioids (loperamide or diphenoxylate) increase in- 
testinal transit time and reduce intestinal fluid loss by 
increasing segmental contraction. Antispasmodics 
(butylscopolamine) may reduce discomfort and pain 
associated with acute GI disease but could potentiate 
ileus by reducing gut motility. Intestinal protectants/ 
adsorbents (kaolin and pectin, activated charcoal, bis- 
muth) have been used for many years in general prac- 
tice to treat acute diarrhoea but their efficacy is unproven. 
Sulfasalazine is a combination of 5-aminosalicylic 
acid (5-ASA) and sulphapyridine. 5-ASA is the active 
ingredient. It has anti-inflammatory activity in the 
colon and is used for the treatment of chronic colitis. 
Side effects are uncommon but can include kerato- 
conjunctivitis sicca, vomiting, allergic dermatitis and 
cholestatic jaundice. 


Anti-emetics 

Anti-emetics are indicated in patients with protracted 
vomiting causing fluid and electrolyte imbalances. 
They should not be used in patients with potential gas- 
trointestinal obstruction, toxin ingestion (because they 
may prevent elimination of the toxin) or severe hypo- 
tension. Anti-emetics may act via peripheral or cen- 
tral mechanisms. Metoclopramide is the most 
commonly used anti-emetic. It has a central anti- 
emetic action in the chemoreceptor trigger zone and 
also a peripheral prokinetic effect which can reduce 
emesis by increasing lower oesophageal sphincter 
tone and gastric emptying. In acutely vomiting patients, 
intravenous administration is recommended and the 
authors frequently use a constant rate infusion (CRI) 
as an alternative to intermittent administration. 
Metoclopramide CRI is particularly useful in patients 
with GI ileus and persistent vomiting, e.g. those 
patients recovering from parvovirus infection or ab- 
dominal surgery. The central nervous system (CNS) 
side effects of metoclopramide appear to be less com- 
mon if the drug is given by CRI. Metoclopramide is 
a light-sensitive formulation and therefore infusion 
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bags should be covered to protect the drug from break- 
down. It has been suggested that this is not an effec- 
tive anti-emetic in cats but our experience is that it 
can be a useful drug in this species. 

Alternative anti-emetics include ondansetron and 
phenothiazines. Ondansetron is generally more effec- 
tive when used pre-emptively in situations where vomit- 
ing is expected, e.g. following chemotherapy. It is 
effective in dogs but due to expense is usually reserved 
for refractory cases. Phenothiazines (e.g. chlor- 
promazine) are effective broad-spectrum anti-emetics 
but can also cause hypotension due to their vasodilatory 
effects. They should therefore be reserved for those 
patients whose fluid deficits have been corrected. They 
have a number of potential drug interactions and the 
reader is advised to consult a formulary before using 
these drugs. 


Antiparasitics 

The gastrointestinal tract is susceptible to infection 
by a number of parasites including nematodes and 
cestodes. Infection with some species can result in 
acute and severe gastrointestinal signs. Whipworm 
(Trichuris vulpis) infection can result in inflammation, 
haematochezia and protein-losing enteropathy and, 
in extreme situations, can produce electrolyte abnor- 
malities that mimic hypoadrenocorticism. Round- 
worms, e.g. Toxocara canis/cati and Toxascaris 
leonina can be associated with severe gastrointesti- 
nal signs particularly in puppies and kittens. Hook- 
worm (Ancylostoma spp) infection can cause severe 
potentially fatal gastrointestinal blood loss. Diagnosis 
of these infections should be confirmed with faecal 
analysis prior to treatment. Fenbendazole is effective 
against all of these helminths. 


Antiprotozoals 

Protozoal infections, e.g. Giardia, Cryptosporidium 
and Tritrichomonas foetus (cats) can cause GI signs 
but generally these cause chronic rather than acute 
disease. 


Fluid therapy 

Fluid therapy is discussed in more detail in Chapter 4 
of this manual. In health, the GI tract absorbs approxi- 
mately 99% of the fluid presented to it. There is a mas- 
sive flux of fluid into the GI tract each day (oral fluid 
intake 30-50 ml/kg, secretions into the Gi tract 70 
ml/kg). When GI disorders occur it is common for there 
to be significant fluid loss from, or sequestration of 
fluid within, the tract. This fluid loss or sequestration 
can result in marked electrolyte abnormalities. The 
cause and effect of fluid loss/sequestration is depend- 
ent upon the area of the GI tract affected. Vomiting or 
gastric outflow obstruction will result in loss of acid- 
rich fluid and chloride and therefore the development 
of a systemic metabolic alkalosis, hypochloraemia and 
hypokalaemia. Losses secondary to diarrhoea con- 
tain large amounts of potassium and bicarbonate and 
can result in metabolic acidosis and hypokalaemia. 
Patients with diarrhoea can also lose significant quan- 
tities of protein into the gut and become hypoalbumin- 
aemic; this should also be considered when planning 
fluid therapy. 
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The aims of fluid therapy should be correction of 
volume loss, electrolytes and acid-base balance. The 
route and rate of administration and the type of fluid 
are chosen based upon the patient's history, physical 
examination and electrolyte/acid—base status. Anae- 
mia, hypoalbuminaemia and ongoing fluid losses will 
all influence the fluid choice. Oral fluid therapy may 
be suitable for patients with mild diarrhoea but for the 
majority of patients with severe signs, intravenous 
administration is appropriate. 

The rate of administration of the intravenous 
fluids will be influenced by the patient's status. Rapid 
administration is recommended in patients with 
severe hypovolaemia/shock and consideration 
should be given when obtaining intravenous access 
to catheter gauge and length and the need for 
multiple catheters. Bolus administration is recom- 
mended in these patients. A 10-20 ml/kg bolus is 
given over 10—20 minutes and the response assessed 
by measurement of physical parameters; the bolus 
can be repeated if needed. Losses due to dehy- 
dration can be replaced more gradually, usually 
over 24—36 hours. 

Most patients will respond to crystalloid admini- 
stration, however if there is marked hypoalbuminaemia 
or severe hypovolaemia, colloids may be considered 
often in addition to appropriate crystalloid therapy. In 
patients with severe anaemia either a blood product 
or a haemoglobin-based oxygen-carrying solution may 
be considered. If the patient is hypokalaemic or anor- 
exic then potassium supplementation of the fluids is 
indicated (see Chapter 4). 

Acid—base status can be evaluated with blood gas 
analysis and treatment adjusted accordingly. If acid— 
base status is normal or there is a mild metabolic 
acidosis, lactated Ringer's or Hartmann’s is an ap- 
propriate choice of fluid. Severe acidosis (pH <7.1) 
may require treatment with sodium bicarbonate, al- 
though in most cases appropriate fluid therapy will 
correct the acidosis. Patients with metabolic alkalosis 
can be treated with Ringer’s solution or 0.9% sodium 
chloride supplemented with potassium. If a patient has 
hepatic dysfunction, it is sometimes recommended 
that lactate-containing fluids should be avoided since 
lactate requires hepatic metabolism. 


Mucosal protectants 

Mucosal protectants aid the barrier function of the 
oesophagus and stomach when mucosal deficits are 
present. They can act as cytoprotective agents, 
chemical diffusion barriers or both. Sucralfate is an 
orally administered complex of aluminium hydroxide 
and sucrose octasulphate available as both tablets 
and a suspension. It binds to gastro-oesophageal 
erosions/ulceration and forms a barrier to gastric acid 
penetration, thus aiding healing. In the acid environ- 
ment the sucrose is released and cross-polymerizes 
proteinaceous exudates over ulcers. Sucralfate also 
has a number of other properties which may increase 
its clinical benefits. It is not licensed for veterinary 
use in the UK. The aluminium component can inter- 
fere with absorption of some orally administered 
drugs such as fluoroquinolones and possibly 
cimetidine, and therefore it is recommended that 
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such drugs are administered at least 2 hours before 
sucralfate administration. There is some controversy 
regarding the necessity to separate administration 
of antacids and sucralfate and the reader is referred 
to the BSAVA Manual of Canine and Feline Gastro- 
enterology for more information. 

Other mucosal protectants include aluminium or 
magnesium hydroxide, calcium carbonate, sodium 
bicarbonate, misoprostol and bismuth salts. 


Nutrition 

Nutrition is a vital part of the management of patients 
with gastrointestinal disease and in some diseases, 
e.g. parvovirus, early enteral nutrition has been asso- 
ciated with lower morbidity. The enteral route should 
be used whenever possible and the patient's individual 
signs determine the level of the feeding within the GI 
tract, e.g. patients with oesophageal diseases may 
be fed via a gastrostomy tube (surgically or endoscopi- 
cally placed), while those with gastric disease might 
require jejunostomy tube feeding. Parenteral (partial 
or total) feeding should be considered in patients that 
are unable to tolerate enteral feeding, but enteral feed- 
ing should be restarted as soon as possible. Nutri- 
tional support of the critical patient is discussed in more 
detail in Chapter 23. 


Prokinetics 

Prokinetics can stimulate motility in part of or the en- 
tire GI tract. These drugs are indicated when there is 
a need to improve motility in patients with ileus, once 
electrolyte abnormalities have been corrected and GI 


obstruction excluded. The most commonly used 
prokinetics are metoclopramide, H, antagonists 
(ranitidine) and erythromycin. 
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Acute abdominal and gastrointestinal 
surgical emergencies 


David Holt and Dorothy Brown 


Introduction 


Abdominal and gastrointestinal surgical emergencies 
include a diverse group of conditions that can be chal- 
lenging to diagnose and manage successfully. Initially, 
the animal must be carefully evaluated and appropri- 
ate resuscitative measures commenced. Once a diag- 
nosis is made, resuscitation is continued to stabilize 
the animal prior to anaesthesia. Emergency surgery 
requires a complete exploratory procedure, critical 
evaluation of tissue viability and exacting surgical tech- 
nique for best results. Adept postoperative manage- 
ment, including diligent monitoring and an index of 
suspicion for potential complications, is vital. 


Initial examination and resuscitation 


Dogs and cats frequently present for emergency 
evaluation because of acute vomiting or regurgitation, 
with or without diarrhoea. Each animal must be care- 
fully evaluated to determine if it has a true emergency 
problem requiring extensive resuscitation, diagnostic 
investigation and emergency surgery. A rapid initial 
examination should be performed at presentation to 
evaluate the animal's degree of dehydration and hy- 
povolaemia, and exclude imminently life-threatening 
conditions, including severe aspiration pneumonia, 
shock and sepsis. An initial emergency database, 
performed on blood withdrawn during catheter place- 
ment, includes measurement of packed cell volume 
(PCV), total solids (TS), blood urea nitrogen (BUN — 
Azo strip test), blood glucose and serum electrolytes. 
Initial resuscitation is started based on this informa- 
tion, and then a thorough history is obtained and a 
complete physical examination performed. 

History obtained from the owner should include 
questions on: the animal's vaccinations; worming his- 
tory; previous medical conditions; the possibility of for- 
eign body ingestion; the recent ingestion of rubbish, 
refuse or a fatty meal; and possible exposure to toxins 
(heavy metals including lead, ethylene glycol) or medi- 
cations (corticosteroids, non-steroidal anti-inflammatory 
drugs (NSAIDs), paracetamol). It is important for the 
veterinarian to try to distinguish between vomiting and 
regurgitation from the history. Vomiting is character- 
ized as an active retching process with repeated con- 
tractions of the abdominal muscles. Regurgitation is 
often more passive with owners reporting that the ani- 
mal ‘opens its mouth and the food falls out’; this tends 
to indicate oesophageal rather than gastric or small 
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intestinal disease. Finally, the veterinarian should per- 
form a systems review, questioning the owner about 
other clinical signs that might indicate an underlying 
disease process. For example, polydipsia and poly- 
uria might indicate renal disease, pyometra, diabetes 
mellitus, hypercalcaemia or hepatic disease. 
Abdominal and gastrointestinal emergencies in- 
clude a great range of conditions from oesophageal 
foreign bodies through peritonitis and rectal prolapse. 
Physical examination findings vary depending on the 
nature of the presenting emergency. During physical 
examination, the veterinarian focuses on: 


* The degree of hypovolaemia (loss of intravascular 
volume, indicated to an extent by the animal's 
mucous membrane colour, capillary refill time, 
heart rate and pulse quality) and dehydration (the 
loss of interstitial fluid, indicated by changes in 
skin turgor and mucous membrane dryness) 

* The possibility of a linear foreign body trapped 
under the tongue of the animal 

* A thorough auscultation of the heart and lungs to 
rule out underlying cardiac disease, which might 
affect fluid therapy and anaesthesia, and to 
evaluate for the possibility of aspiration pneumonia 
occurring secondary to vomiting or regurgitation 

* Abdominal palpation to evaluate for: 

— Generalized abdominal distension with free 
gas or fluid 

— Hepatic, gastric, intestinal, or splenic 
distension or malposition 

— Urinary bladder distension (indicating 
possible obstruction) or absence (indicating 
possible urinary leakage) 

— The presence of a palpable foreign body or 
intussusception 

— The presence of pain (indicating possible 
pancreatitis or peritonitis) 

— If possible, the animal's forelimbs are held off 
the ground during palpation to allow the 
cranial abdominal contents to slide caudal to 
the last ribs 

* Rectal examination to evaluate the rectum, anal 
sacs, urethra, vagina, distal uterus and cervix, 
and to obtain a faecal sample for evaluation for 
parasites and pathogenic bacteria 

* A thorough palpation of peripheral lymph nodes 
and evaluation of the skin for the presence of 
masses which might be histamine-secreting 
mast cell tumours. 
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The nature and urgency of further diagnostic test- 
ing is determined by the findings on physical exami- 
nation. Further evaluation may be necessary, 
including: a complete blood count; serum biochem- 
istry and electrolyte analysis; serum amylase, lipase 
and trypsin-like immunoreactivity levels; coagulation 
testing; blood typing and cross-matching; plain and 
contrast abdominal radiographs; and abdominal ultra- 
sound evaluation with guided peritoneal fluid aspira- 
tion and analysis. If diarrhoea is present, animals 
should be tested for parvovirus with a commercial 
enzyme-linked immunosorbent assay (ELISA) kit. 
Faecal flotation and zinc sulphide sedimentation tests 
are used to test for helminths, coccidia and Giardia. 
Gram staining of faecal samples helps to identify 
Campylobacter, Salmonella and clostridia. 

Resuscitation and evaluation of the animal's re- 
sponse to initial treatment continues during the diag- 
nostic process. Animals with acute abdominal and 
gastrointestinal crises often exhibit signs of hypovol- 
aemia in addition to dehydration. Large amounts of 
fluid are lost in vomitus and diarrhoea. Additional fluid 
is sequestered in distended, inflamed, non-motile in- 
testines. Rupture of the gastrointestinal tract leads to 
the release of gastric acid, pepsin, pancreatic en- 
zymes, bile and bacteria into the peritoneal cavity. This 
in turn leads to severe local or diffuse peritoneal in- 
flammation and the loss of massive amounts of fluid 
and protein into the peritoneal cavity. Diaphragmatic 
lymphatics that normally return peritoneal fluid to the 
circulation become plugged with fibrin. Fluid losses 
are often accompanied by dangerous electrolyte and 
acid—base abnormalities. The severe inflammation 
and absorption of bacteria and bacterial toxins, 
notably endotoxin, activate the body's multiple inflam- 
matory, coagulation, fibrinolytic and immunological 
cascades, leading to the ‘systemic inflammatory re- 
sponse syndrome’ (SIRS). 

Treatment should begin immediately in unstable 
shock patients. In animals with no previous history 
of heart disease, no respiratory abnormalities and 
no murmur evident on initial examination, a bolus of 
up to 50-100 ml/kg of balanced electrolyte solution 
may be administered intravenously in the first 60 min- 
utes (see Chapter 4). Two large-bore intravenous 
catheters are inserted and, prior to fluid therapy, blood 
is obtained for an initial database. Where possible, 
urine is obtained before aggressive fluid therapy is 
begun. Evidence of isosthenuria (urine specific 
gravity (USG) 1.007—1.015) in the presence of dehy- 
dration indicates poor renal function. Azotaemia 
(prerenal, renal or postrenal) can be confirmed by a 
high BUN measured by Azo strip test or identified on 
a serum biochemical screen. A blood smear should 
be made to provide an indication of the white blood 
cell and platelet counts. 

The PCV and TS are usually increased in 
non-anaemic animals that are dehydrated, but should 
be interpreted in light of clinical findings. For exam- 
ple, an animal with a ‘normal’ initial PCV may actually 
be quite anaemic following rehydration. Animals with 
acute haemorrhage may have a normal PCV at pres- 
entation. In dogs with an acute haemorrhagic crisis, 
the PCV at presentation may be maintained in the 


normal range by splenic contraction. TS, however, 
drops very quickly and is a better early indicator of 
the severity of blood loss. As intravenous fluids are 
given, both the PCV and TS may drop to dramatically 
low values. Blood transfusion is usually required if 
the PCV rapidly drops below 25% and blood products 
may need to be administered rapidly in anaemic, hypo- 
volaemic patients (see Chapter 14). Colloids (plasma, 
hetastarch, dextran, albumin) should be considered 
in cases with low total protein levels (less than 40 
g/l). Synthetic haemoglobin solutions may be consid- 
ered as a source of both colloid and oxygen-carrying 
capacity (see Chapter 14). 

Serum electrolytes should be measured, and blood 
gas analysis should be performed. Since severe elec- 
trolyte and acid—base disturbances can occur with 
vomiting and diarrhoea, these tests provide valuable 
information and help determine the appropriate fluid 
for resuscitation. Animals vomiting gastric contents 
secondary to a pyloric obstruction will lose sodium, 
potassium and chloride, and have a metabolic alkalo- 
sis. For these animals, 0.9% sodium chloride supple- 
mented with potassium is the ideal replacement fluid. 
Hyperkalaemia associated with hyponatraemia should 
increase suspicion of hypoadrenocorticism (Addison's 
disease). Animals vomiting secondary to small intes- 
tinal obstruction will lose not only sodium, potassium 
and chloride, but also bicarbonate, and their acid-base 
status can be more variable. 


Patient evaluation and diagnostic 
investigation 


Results from a complete blood count and serum bio- 
chemical analysis including amylase and lipase, al- 
though not always immediately available, often 
indicate potential underlying metabolic diseases or in- 
flammatory conditions (see Chapter 11). 


Radiographs 

Additional diagnostic tests, such as radiographs, are 
obtained depending on the results of the physical ex- 
amination. Plain abdominal radiographs are indicated 
in animals with abdominal pain or persistent vomit- 
ing. Plain cervical and thoracic radiographs should 
be made to evaluate the oesophagus for foreign bod- 
ies in animals presenting with regurgitation. Radio- 
graphs should be critically evaluated for evidence of 
gastrointestinal obstruction, foreign bodies, pancrea- 
titis, masses, and the presence of free air or fluid in 
the peritoneal cavity. Radiographic signs of obstruc- 
tion include the presence of gas or fluid-distended 
small bowel loops (Figure 12.1). Severe generalized 
intestinal gas distension can be associated with a 
mesenteric volvulus. Decreased radiographic contrast 
in the right cranial abdomen, displacement of the 
stomach to the left, widening of the angle between 
the pyloric antrum and the duodenum, displacement 
of the duodenum to the right and static gas in the duo- 
denum are all radiographic signs associated with 
pancreatitis (Figure 12.2). Evidence of free gas in the 
abdominal cavity without prior abdominocentesis or 
surgery indicates intestinal perforation or the presence 
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KON Lateral and dorsoventral abdominal radiographs of a dog 
with a small intestinal obstruction. Note the gas distension 


of several parts of the small intestine. The gas-filled descending 
duodenum is clearly visible on the lateral radiograph 


| 12.2 | Lateral and dorsoventral adominal radiographs of a dog 
with pancreatitis. Radiographic signs suggestive of 
pancreatitis include: increased soft tissue opacity and decreased 
abdominal detail in the right cranial abdomen; a static, gas-filled 
descending duodenum; displacement of the pyloric antrum to the left; 
and displacement of the duodenum to the right, producing a widened 
angle between the stomach and the duodenum. (Courtesy of Dr HM 
Saunders, University of Pennsylvania School of Veterinary Medicine) Pi 


5 e SL aaa] of gas-forming organisms in the abdominal cavity, and 
. is an indication for immediate laparotomy. The free 
ERISTA! radiograph gas often accumulates caudal to the diaphragm, out- 
araog wh lining th f the diaph learly (Figure 12.3 
gastric perforation g the crura of the diaphragm clearly (Figure 12.3). 
illustrating free gas Loss of abdominal detail due to fluid should prompt 
in the peritoneal abdominal paracentesis and peritoneal fluid analysis. 
cavity. Note the 
diaphragm outlined Contrast radiographs 
pence Aa dair Contrast radiographs should be made if gastric or in- 
free peritoneal gas testinal obstruction is suspected but not definitive on 
caudally plain abdominal radiographs; 5—10 ml/kg body weight 
of a 25% liquid barium suspension is given. lodine- 
based contrast agents (iohexol, 2—5 mi/kg orally) may 
be considered if intestinal perforation is suspected, 
because of concerns that barium may worsen periton- 
itis if it leaks from the gastrointestinal tract. However, 
radiographs obtained using iodine-based contrast 
agents may be difficult to interpret because of dilution 
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of the contrast agent. If barium is used and perfora- 
tion of the intestine has occurred, rapid surgical inter- 
vention may prevent any worsening of peritonitis that 
might occur due to leakage of barium into the perito- 
neal cavity. 


Abdominal paracentesis 

Abdominal paracentesis is performed if peritoneal fluid 
is detected on physical examination or there is loss of 
detail on plain abdominal radiographs. The ventral ab- 
domen is clipped and prepared as for aseptic surgery. 
An ultrasound-guided tap is performed with a 20-22 
gauge needle. Retrieved fluid should be examined mi- 
croscopically for evidence of degenerate neutrophils 
and the presence of intracellular bacteria. Peritoneal 
fluid glucose and lactate levels should be compared to 
those of the peripheral blood. A peritoneal fluid glucose 
concentration 1.1 mmol/l lower than that of the periph- 
eral blood, or a peritoneal fluid lactate level 2 mmol/l 
higher than that of peripheral blood, is diagnostic for 
peritonitis. Creatinine and bilirubin levels may also be 
measured in the peritoneal exudate or lavage fluid. 
Values for bilirubin, creatinine and amylase that exceed 
corresponding serum levels indicate biliary leakage, 
urinary tract leakage or pancreatitis, respectively. 


Diagnostic peritoneal lavage 

In some cases, peritoneal fluid is present but cannot 
be recovered by paracentesis, presumably because 
the needle becomes plugged with omentum. In this 
situation, diagnostic peritoneal lavage is indicated. The 
bladder is expressed and the ventral abdomen is pre- 
pared aseptically. An over-the-needle catheter or 
dialysis catheter is introduced into the abdomen 2 cm 
caudal to the umbilicus, and 10-20 ml/kg of warm, 
balanced electrolyte solution is rapidly infused through 
the dialysis catheter. The fluid is distributed by ab- 
dominal massage, and then collected. Only a few milli- 
litres of fluid may be retrieved. In normal animals, 
lavaged fluid leucocyte counts before surgery are 
usually less than 10° cells/l. After uncomplicated 
intra-abdominal surgery, lavaged fluid neutrophil num- 
bers generally increase to 10’ cells/I or fewer. Toxic, 
degenerate neutrophils with intracellular bacteria 
indicate septic peritonitis, and are an indication for 
immediate exploratory laparotomy. Contraindications 
for peritoneal lavage include dyspnoea, diaphragmatic 
hernia and severe organomegaly. 


Abdominal ultrasonography 

Abdominal ultrasonography can be used to evaluate 
the abdominal organs, especially when free peritoneal 
fluid makes radiographic interpretation difficult. Particu- 
lar attention should be paid to the pancreas in animals 
with abdominal pain. The spleen and liver should be 
carefully evaluated for possible neoplasms or ruptured 
haematomas in cases of haemoperitoneum, and for 
evidence of splenic torsion or thrombosis. The biliary 
tree, urogenital tract (especially the prostate or uterus) 
and mesenteric lymph nodes are carefully evaluated. 


Other tests 

In animals with respiratory difficulty, thoracic radio- 
graphs will help to confirm suspected aspiration 
pneumonia secondary to vomiting. Arterial blood gas 


analysis will indicate the severity of hypoxia, and a 
transtracheal or endotracheal wash will provide im- 
portant information on the type and antibiotic sensi- 
tivities of bacteria associated with the pneumonia. 
Further evaluation of the vomiting animal could include 
adrenocorticotrophic hormone (ACTH) stimulation 
tests for hypoadrenocorticism, endoscopy and gas- 
trointestinal biopsies (see Chapter 11). 


Exploratory laparotomy 

Complete stabilization of the animal with an acute 
abdominal crisis may not be possible until the under- 
lying cause is treated. In many cases, this requires 
abdominal surgery. Indications for exploratory abdomi- 
nal surgery include: 


* Free gas visible in the peritoneal cavity of an 
animal that has not had recent (within 3-4 weeks) 
abdominal surgery 
Gastric dilatation—volvulus 

* Gastrointestinal foreign body, obstruction 
(including intussusception), linear foreign body 

* Gastric haemorrhage not responding to medical 
management 

* Intracellular bacteria and degenerate neutrophils 
on a peritoneal lavage or tap 

* Bilirubin or creatinine levels in the peritoneal 
fluid greater than those in the serum 

+ Animals with abdominal haemorrhage that fail to 

stabilize or remain stable after initial resuscitation 

Splenic torsion 

Mesenteric volvulus 

Pyometra/prostatic abscessation 

Penetrating abdominal injury (gunshot, 

impalement). 


Oesophagus 


Oesophageal foreign bodies 
Oesophageal foreign bodies should be suspected in 
any animal presenting with a history of regurgitation, 
or in cases where the owner cannot clearly distinguish 
between regurgitation and vomiting. Other clinical signs 
may include gagging, salivation, anorexia and lethargy. 
Most animals with complete or near complete obstruc- 
tion regurgitate food shortly after eating, although they 
may be able to retain water. Animals may also be dys- 
pnoeic and cough, and be variably depressed second- 
ary to aspiration pneumonia. Occasionally, animals may 
have partial oesophageal obstruction and remain 
reasonably bright, yet regurgitate after large meals. 
Oesophageal perforation may occur with sharp foreign 
bodies. Even relatively blunt bony foreign bodies can 
cause oesophageal muscle spasm and mucosal necro- 
sis. Necrosis may extend through the entire oesopha- 
geal wall causing mediastinitis, pleuritis and pyothorax. 
It is important to note that although pneumomediasti- 
num and pneumothorax may develop secondary to 
oesophageal perforation, these are not consistent radio- 
graphic findings and cannot be relied upon to rule in or 
rule out this diagnosis. 

Foreign bodies tend to lodge at points of oesopha- 
geal narrowing, which include the thoracic inlet, heart 
base and the lower oesophageal sphincter. In animals 
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with a suspected oesophageal foreign body, the 
mouth and pharynx should be evaluated and the neck 
thoroughly palpated. The thorax should be carefully 
auscultated for crackles or wheezes that indicate aspi- 
ration pneumonia. Most foreign bodies are radio- 
opaque and can be visualized on plain cervical and 
thoracic radiographs (Figure 12.4). Thoracic radio- 
graphs are also evaluated for changes compatible with 
pneumonia. Non-radio-opaque foreign bodies require 
a positive-contrast oesophagram using a sterile, water- 
soluble iodinated contrast agent for visualization. 


| 12.4 | Lateral thoracic radiograph of a dog illustrating 
a thoracic oesophageal body present over the 
heart base. (Courtesy of Dr Colin Harvey, University of 
Pennsylvania School of Veterinary Medicine) 


Foreign body removal should be immediate to mini- 
mize the chance of perforation, and is performed using 
the simplest means possible. The animal is placed 
under general anaesthesia and a cuffed endotracheal 
tube is placed to protect the airway. The area under 
the tongue is carefully evaluated for a thread or line in 
animals with a needle or hook lodged in the oesopha- 
gus. A flexible fibreoptic endoscope or rigid scope and 
long, blunt-ended forceps are used to remove most 
foreign bodies. Either type of scope must give the vet- 
erinary surgeon the ability to insufflate air to dilate the 
oesophagus around the foreign body. This must be 
done with extreme care, and with close monitoring of 
the animal’s blood pressure and ease of ventilation. 
Insufflation of the oesophagus in an animal with an 
undiagnosed oesophageal perforation can lead to ten- 
sion pneumothorax and an immediate life-threatening 
drop in both haemoglobin oxygen saturation and blood 
pressure. Removal of radio-opaque foreign bodies 
under fluoroscopic guidance is also reported. 

Once the oesophagus has been carefully dilated 
around the foreign body, the object is grasped with the 
forceps and rotation is attempted. Often, the foreign 
body can be carefully withdrawn. However, if it is firmly 
lodged, excessive traction should not be applied as this 
may cause or worsen a perforation. An attempt should 
be made gently to push foreign bodies into the stom- 
ach if they cannot be removed. This technique is most 
applicable to large cartilage foreign bodies that break 
off into small pieces when grasped with forceps, and 
occasionally extremely large oesophageal hair balls in 
cats. A large-diameter, well lubricated stomach tube is 
used to push the foreign body distally. Once in the 
stomach, bones will generally be digested. Hair balls 
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should be surgically removed. The oesophagus is in- 
spected with the endoscope after foreign body removal. 
Clean lacerations that do not extend through the full 
thickness of the oesophageal wall (as judged by gently 
pushing the tip of a forceps against the laceration 
through the endoscope) can be left to heal by epitheli- 
alization. Full-thickness tears or areas of necrotic 
oesophagus require immediate surgical management. 

Surgery is indicated when a foreign body cannot 
be retrieved or advanced into the stomach; when there 
is concern that forceps extraction might lacerate the 
oesophagus and other intrathoracic structures; and 
when the oesophagus is perforated. 

The cervical oesophagus is accessed via a ventral 
midline incision in the neck. The ventral sternohyoideus 
and sternothyroideus muscles are separated on the 
midline and the oesophagus is located on the left of 
the trachea. For foreign bodies lodged at or cranial to 
the heart base, a right third or fourth intercostal thora- 
cotomy provides the best exposure of the oesopha- 
gus. For foreign bodies lodged caudal to the heart base, 
a left eighth intercostal thoracotomy is used. Although 
foreign bodies in the distal oesophagus can occasion- 
ally be retrieved by manipulation through a gastrotomy 
incision, this approach is not generally recommended. 
The foreign body is located by palpation. Fish hooks 
can be difficult to feel in the thoracic oesophagus and 
occasionally an assistant must locate the hook using 
an endoscope via the mouth while the thorax is open. 
A longitudinal oesophagotomy is performed (Figure 
12.5) and the foreign body is removed. The oesoph- 
ageal wall opposite the incision is checked for perfora- 
tion, and the incision is closed with a single layer of 
interrupted, appositional sutures. The authors prefer 
1.5-2 metric (3/0 or 4/0 USP) monofilament suture 
material. The oesophagus lacks a serosal covering, 
necessitating careful apposition of the oesophageal 
layers to prevent dehiscence. Factors inherent in 
oesophageal surgery which may predispose to dehis- 
cence are impairment of its intramural blood supply, 
tension and motion at the anastomosis site, lack of 
omentum, general debilitation of the patient and move- 
ment of food and saliva across the oesophageal anas- 
tomosis. All tissues must be handled extremely gently. 
The areas are lavaged thoroughly. Omental, 
diaphragmatic and pericardial grafts have been used 
to reinforce the anastomosis. Nutrition is increasingly 
demonstrated to be vital to wound healing and the ability 
to fight infection. In the nutritionally compromised 


Longitudinal 
oesophagotomy 
performed in the 
thoracic oesophagus 
to remove an 
embedded fish hook 
Stay sutures are used 
to retract the 
oesophageal wall 
The incision is closed 
with a single layer of 
simple interrupted 
sutures of 2 metric 
polydioxanone (PDS). 
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patient, consideration should be given to the insertion 
of a gastrostomy tube via a flank laparotomy at the 
time of oesophageal surgery. 

After uncomplicated endoscopic foreign body re- 
moval, food is withheld for at least 12-24 hours fol- 
lowed by introduction of small amounts of soft food or 
a slurry. The major complication is mediastinitis due to 
oesophageal perforation, which is manifested by fever, 
reluctance to eat and widening of the mediastinum on 
a dorsoventral thoracic radiograph. The diagnosis is 
confirmed by repeat oesophagoscopy or a contrast 
oesophagram using a water-soluble, iodinated contrast 
agent. Surgical repair of the perforation and thoracic 
drainage via chest tubes are indicated. Uncommonly, 
animals may develop oesophageal stricture, with re- 
curring signs of regurgitation, up to several weeks 
following endoscopic removal of a foreign body. 


Oesophageal perforation 

Oesophageal perforation may occur as a sequel to 
chronic foreign body obstruction, ingestion of a sharp 
foreign body or foreign body removal, direct cervical or 
thoracic trauma, penetrating bite wounds, neoplasia 
or oesophagoscopy. Clinical signs of obstruction may 
or may not be present. Pleuritis, mediastinitis, abscess- 
ation, broncho-oesophageal fistulation or cervical 
cellulitis may occur. Perforation should be suspected 
in patients with a history of oesophageal obstruction 
and depression, fever, elevated white blood cell count, 
cough, dyspnoea or a cervical soft tissue swelling. Di- 
agnosis is by oesophagoscopy or contrast radiography 
using soluble iodine-based agents. Treatment is ini- 
tially aimed at stabilizing the potentially septic patient 
with volume support and intravenous broad-spectrum, 
bactericidal antibiotics. Leakage from the cervical 
oesophagus is treated by establishing drainage, con- 
trolling the infection and repairing the oesophagus. 
Thoracic oesophageal perforation requires exploratory 
thoracotomy, removal of infected debris and repair of 
the damaged area. The chest cavity is thoroughly 
lavaged and drained via chest tubes. 


Stomach 


Gastric dilatation—volvulus 
Gastric dilatation—volvulus (GDV) syndrome is a range 
of conditions that includes: 


* Gastric dilatation without rotation of the stomach 

* Gastric dilatation—volvulus 

* Chronic intermittent volvulus with little, if any, 
dilatation. 


Although large-breed, deep-chested dogs are 
‘classically’ affected, these conditions can occur in 
smaller breeds of dogs and have been reported in 
cats. The exact aetiology of the disease is uncertain 
and is probably multifactorial. Clinical signs in dogs 
with GDV include retching (non-productive), abdomi- 
nal distension, weakness and collapse. These clini- 
cal signs are not specific for the condition and could 
be associated with other diseases including ruptured 
splenic haemangiosarcoma or haematoma, splenic 
torsion, mesenteric volvulus or peritonitis. Physical 


examination findings vary depending on the severity 
of the GDV and the associated circulatory collapse, 
but often include pale mucous membranes, a rapid 
heart rate, weak, thready pulses and a distended, of- 
ten tympanic, abdomen. 

The basis for a rational, effective treatment plan is a 
thorough understanding of the pathophysiology of GDV. 
Distension of the stomach with food and swallowed air 
compresses the portal vein and caudal vena cava. This 
compression, which leads to decreased venous return 
to the heart and, in turn, decreased cardiac output, can 
occur with gastric dilatation only and does not require 
volvulus. The decrease in cardiac output can be pro- 
found, and has been estimated to be 50% of normal in 
experimental canine models with intragastric pressures 
approximating those seen in spontaneous cases. This 
decrease in cardiac output leads to decreased tissue 
perfusion affecting all organs, including the heart. Myo- 
cardial ischaemia is one of the main factors cited in the 
genesis of dysrhythmias seen in dogs with GDV. De- 
creased perfusion to a distended or twisted stomach 
often leads to gastric necrosis and then reperfusion 
injury. Many dogs with GDV are endotoxaemic, pre- 
sumably because a compromised gastrointestinal mu- 
cosal barrier leads to endotoxin absorption into the 
portal blood and mesenteric lymphatic system. 

It is vital to correct the GDV animal's perfusion 
deficits before anaesthesia and surgery. A rational 
treatment plan for GDV therefore includes: 


Rapid intravascular volume expansion 

Gastric decompression 

Differentiation of gastric dilatation from GDV 
Surgery once the animal is stable, to reposition 
the stomach, assess gastric and splenic viability, 
and fix the pyloric antrum to the right abdominal 
wall to prevent recurrence of volvulus 

* Careful monitoring postoperatively for 
complications, including aspiration pneumonia. 


Fluids for resuscitation must be administered 
through cephalic or jugular catheters, as fluid admini- 
stration through saphenous catheters will be ineffec- 
tive because the caudal vena cava is obstructed. Two 
large-bore (16-18 gauge) catheters are generally 
placed in the cephalic veins. Balanced electrolyte 
solutions are administered at 60—90 ml/kg in the initial 
hour of treatment (see Chapter 4). Hypertonic saline/ 
dextran solutions can also be used initially (5 ml/kg i.v. 
administered over 5—10 minutes), but must be followed 
by crystalloids at shock doses to maintain the increase 
in perfusion. Clinical and laboratory parameters, ide- 
ally including blood lactate concentrations, are moni- 
tored to determine the response to therapy. Once 
resuscitation is underway, the stomach is decom- 
pressed by carefully passing an orogastric tube. The 
tube must not be forced into the stomach as rupture of 
the twisted distal oesophagus may occur. If passage 
of the tube is not possible, the stomach is trocharized. 
The abdomen is carefully palpated to determine the 
optimum site for trocharization, to avoid perforation of 
the spleen. Radiographs, including a right lateral view, 
are made to differentiate dilatation from volvulus. In a 
normal animal in right lateral recumbency, the pylorus 
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lies on the ‘down’ side of the abdomen, contains no 
gas and, therefore, is unlikely to be visible 
radiographically. In many dogs with GDV, the pylorus 
moves away from the right side of the abdomen and 
so, in right lateral recumbency, the pylorus will be on 
the ‘up’ side of the abdomen, contain gas, and, there- 
fore, be visible as a separate gas-filled structure dor- 
sal to the rest of the stomach (Figure 12.6). 


| 12.6 |] Right lateral radiograph of a dog with gastric 
dilatation-volvulus. Note the appearance of the 


pylorus in the craniodorsal abdomen as a gas-filled 
structure 


Anaesthesia is commenced only after the animal 
has been stabilized (see Chapter 21). At surgery, the 
stomach is decompressed, de-rotated and replaced 
in a normal position. In most dogs, the pylorus ro- 
tates from its normal position on the right side of the 
abdomen, passing between the fundus of the stom- 
ach and the ventral body wall to end up either on the 
left side of the abdomen (180-degree volvulus), dor- 
sal to the rest of the stomach (270-degree volvulus) 
or towards the right side of the abdomen (360-degree 
volvulus). The surgeon, standing on the right side of 
the dog, locates the duodenum and traces it to the 
pylorus. The pylorus is then gently pulled back into a 
normal position with one hand, while the other hand 
gently pushes the remainder of the stomach dorsally 
to facilitate de-rotation. The spleen is exteriorized and 
examined for viability, venous or arterial thrombosis, 
and short gastric vessel rupture. Asplenectomy is per- 
formed if necessary. The remainder of the abdomen 
is explored, and then the stomach is re-examined for 
necrosis, particularly along the greater curvature. As 
a guide, areas of the stomach that are discoloured 
dark purple or grey—green, feel paper thin, or do not 
bleed when incised, must be removed. If there is doubt 
concerning the viability of an area it should be re- 
moved. Stay sutures are placed in healthy stomach 
and the necrotic area is resected in stages. The edges 
of the remaining stomach are examined to ensure they 
are bleeding and viable. A simple continuous Lembert 
pattern in the submucosa is initially used to close the 
stomach. A simple interrupted or continuous Lembert 
pattern is then used to close the muscularis and se- 
rosa. Alternatively, the stomach may be closed with a 
surgical stapling device (e.g. TA-90, 4.8 mm staple 
cartridge, US Surgical) reinforced with a continuous 
Lembert inverting pattern, oversewing the staple line. 
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Many procedures have been described to ‘pexy’ 
or fix the pyloric antral region of the stomach to the 
right body wall. The aim is to create a permanent ad- 
hesion between the antral region of the stomach and 
the right body wall to prevent recurrence of volvulus. 
All of the various techniques work well when performed 
properly. In straightforward cases, an incisional gas- 
tropexy is performed. A 5-8 cm incision is made in 
the transverse abdominus muscle just caudal to the 
last rib on the right body wall. A matching, partial- 
thickness incision is made in the seromuscular layers 
of the pyloric antrum. The edges of the body wall and 
pyloric incisions are sutured to each other using 
polydioxanone (PDS) or polypropylene suture (Fig- 
ure 12.7). The abdomen is lavaged with large volumes 
of a warm, balanced electrolyte solution and closed 
in a routine manner. 


Incisional gastropexy with the cranial aspect of 
the incisions in the body wall and pyloric 


antrum sewn together 


Gastric outflow enhancing procedures have been 
performed in an attempt to decrease recurrence of 
gastric dilatation or GDV. Pyloromyotomy and pyloro- 
plasty have been described. However, gastric outflow 
obstruction is not thought to play a major role in the 
pathogenesis of GDV. These procedures have not 
been shown to decrease recurrence, and have been 
associated with higher immediate postoperative com- 
plication rates and therefore are not indicated. 

Postoperatively, GDV patients require extensive 
treatment and monitoring. Crystalloid and sometimes 
colloid fluid administration is continued, with fluid ad- 
ministration rates based on clinical (mucous mem- 
brane colour, capillary refill time, heart rate, pulse 
quality, urine output, blood pressure) and laboratory 
(PCV, TS, serum electrolyte concentrations, lactate 
concentration) parameters. Colloids (plasma, heta- 
starch, human serum albumin) are necessary in some 
cases with hypoalbuminaemia due to dilution, loss into 
the gastrointestinal system, or leak into the intersti- 
tium secondary to systemic inflammation. 

Cardiac dysrhythmias often develop in the first 24— 
48 hours postoperatively. They are not necessarily 
associated with a poorer prognosis, but should prompt 
the veterinarian to re-evaluate the animal's perfusion 
status, serum electrolytes and oxygenation. When the 
dysrhythmia is intermittent and not affecting tissue 
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perfusion, no specific anti-dysrhythmic therapy is re- 
quired. Anti-dysrhythmic therapy is started if the 
dysrhythmias are associated with a decrease in tis- 
sue perfusion, have a rate greater than 160—180 per 
minute, or are associated with severe, potentially life- 
threatening cardiac electrical conduction disturbances 
(‘R on T' phenomenon). One or two lidocaine boluses 
of 1-2 mg/kg are administered to convert the heart to 
a sinus rhythm, and an infusion of lidocaine is started 
(50-70 ug/kg/min). 

Other complications in the postoperative period 
include aspiration pneumonia, gastric necrosis, dis- 
seminated intravascular coagulation and systemic 
inflammation/sepsis. Any postoperative GDV dog that 
becomes febrile should be carefully evaluated for 
possible gastric necrosis and peritonitis. However, it 
is often possible to overlook aspiration pneumonia 
in this situation, as the focus has been on the abdo- 
men during the animal's hospitalization. Many GDV 
dogs present with a history of retching and vomiting 
that predisposes them to ‘silent’ episodes of aspira- 
tion and subsequent pneumonia. Thoracic radio- 
graphs are made and evaluated for alveolar changes. 
Treatment of aspiration pneumonia (see Chapter 7) 
includes oxygen supplementation, nebulization, 
coupage and, initially, broad-spectrum, bactericidal 
antibiotics administered intravenously. Culture and 
sensitivity results from an endotracheal or transtra- 
cheal wash should direct antibiotic therapy when they 
are available. 


Gastric foreign bodies 

Most gastric foreign bodies are not true emergen- 
cies. However, needles should be removed as 
soon as possible to prevent migration or perforation. 
Coins which may contain zinc are removed to pre- 
vent haemolytic anaemia. In most cases, this is 
readily accomplished using a flexible endoscope. Re- 
cently, several cases have been reported in which 
ingestion of a hydrophilic adhesive product (‘Gorilla 
Glue’) resulted in severe gastric distension and 
clinical signs. The product expands on contact with 
gastric fluids, often encompassing and distending 
the entire stomach. Removal of this material through 
a large gastrotomy should be performed as an 
emergency procedure. 


Gastric ulceration 

Gastric ulceration and severe haemorrhage are 
frequently associated with the ingestion of NSAIDs. 
Other causes of gastric ulcers include gastric neopla- 
sia, mast cell tumours, gastrin-secreting tumours and 
exogenous corticosteroids. Surgery is considered for 
those cases with massive haemorrhage in which medi- 
cal therapy fails. The animal is stabilized with transfu- 
sions of red blood cells. Rapid endoscopy is useful 
preoperatively to differentiate focal bleeding amena- 
ble to surgical treatment from diffuse gastric haemor- 
rhage, and intraoperatively to pinpoint the site of the 
gastric haemorrhage for the surgeon, as this may not 
be apparent externally. Gastric lavage may be nec- 
essary to remove blood clots and allow endoscopic 
visualization of the gastric mucosa. 


Small intestine 


Intestinal luminal obstruction: foreign 
bodies and masses 

Intraluminal intestinal obstruction is one of the most 
common indications for laparotomy in dogs and cats, 
and is most frequently a result of foreign body inges- 
tion. Clinical signs associated with small intestine 
obstruction vary with the location, duration and se- 
verity of the obstruction. Vomiting, anorexia, depres- 
sion and abdominal tenderness are common. Vomiting 
may be frequent and even projectile with a complete 
proximal obstruction, or more sporadic and less pro- 
fuse with a distal or partial obstruction. 

The classic radiographic sign of mechanical obstruc- 
tion is the presence of multiple loops of gas-dilated small 
intestine of varying diameters (see Figure 12.1). In 
animals with complete obstruction, intestinal distension 
can be severe, particularly if the obstruction is distal. 
Radiographic changes associated with partial obstruc- 
tion are less severe and may not be distinguishable 
from those of gastroenteritis or ileus. 

Contrast radiography is frequently used to provide 
a definitive diagnosis of intestinal obstruction. Most 
proximal small intestinal obstructions will be evident 
within 6 hours after administration of barium suspen- 
sion; up to 24 hours may be necessary to highlight 
distal obstructions. Ultrasonography provides a more 
rapid method of diagnosis but has false-positive and 
-negative rates of 6% and 15%, respectively. 

Once a mechanical intestinal obstruction is diag- 
nosed and the animal is stabilized, an exploratory 
laparotomy is performed and the entire gastrointesti- 
nal tract is thoroughly examined. If a foreign body is 
found and the bowel is relatively healthy, the object is 
removed through a longitudinal, antimesenteric en- 
terotomy slightly aboral to the obstruction (Figure 
12.8). If the bowel wall is necrotic, or if the obstruc- 
tion is caused by a mass, intestinal resection and 
anastomosis are performed (Figure 12.9). 

Prognosis is usually good after foreign body re- 
moval. Resection of non-neoplastic or benign neoplastic 
masses generally has a better prognosis than resec- 
tion of malignant neoplasms. Prognosis is usually poor 
if gross metastases are present at surgery, and life 
expectancy may be limited to a few months. 


Intestinal incarceration and strangulation 
Intestinal incarceration is an unnatural displacement 
and entrapment of the intestine. With the exception 
of intussusception (discussed separately below), it is 
reported infrequently in the dog. Entrapment usually 
occurs within traumatic body wall hernias; entrap- 
ments in omental tears, congenital hernias, mesenteric 
rents or subsequent to duodenocolic ligament ruptures 
have also been reported. 

The intestinal lumen may become constricted, re- 
sulting in clinical and radiographic signs of obstruc- 
tion. If intestinal blood vessels are also compressed 
and arterial inflow is inhibited, mucosal degeneration 
may result in translocation of bacteria and endotoxin 
into the blood stream and peritoneal cavity. There- 
fore, unlike simple luminal obstruction, incarceration 
can rapidly progress to strangulation with subsequent 
intestinal ischaemia and septic or endotoxic shock. 
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* Sutures on the larger lumen side can be spaced farther apart 
than those of the smaller side 

* The intestine with the smaller lumen can be transected at an 
angle to create a larger luminal diameter 

* The intestine with the smaller lumen can be spatulated to 
create a luminal diameter 

* The luminal diameter of the larger segment can also be 
reduced by oversewing with a simple interrupted Lembert 
suture pattern 


To equalize the lumen sizes in an ileo- or jejunocolonic 
anastomosis: 


pattern 
2. Incise the antimesenteric border of the jejunum to widen its 
lumen 


3. Proceed with anastomosis 


+ Adjoining segments of intestine are placed side by side in a 
series of gentle loops to avoid kinking or sharp bends 

* Complete plication of the jejunum and ileum is recommended 
sepa tends to recur at sites away from the 


*  Plication of the duodenum is not necessary since 
intussusception in this area is rare 


Sutures pass through the colonic submucosa 


Recommendations and considerations for surgical procedures used in the treatment of intestinal emergencies. 
(1.5 metric = 4/0 USP; 2 metric = 3/0 USP; 3 metric = 2/0 USP) 


| 12.9 | Intestinal resection and anastomosis 
completed. The anastomosis site has been 
wrapped in omentum. 


Clinically, animals with strangulation exhibit severe 
abdominal pain, shock, unexpectedly severe systemic 
signs or poor response to stabilization. Treatment of 
intestinal incarceration includes stabilization of the 
animal and correction of the intestinal displacement 
and the initiating cause, with or without intestinal 
resection (Figure 12.8). Surgery should not be delayed 
if strangulation or necrosis is suspected. The prog- 
nosis for intestinal incarceration depends on the 
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degree of vascular compromise and the resulting sys- 
temic inflammatory response. If extensive areas of the 
bowel are affected and the host immune response has 
been triggered, the prognosis is guarded to poor. If 
there is minimal vascular compromise and the ani- 
mal's cardiovascular parameters are stable, the prog- 
nosis is good. 


Linear foreign bodies 

Linear foreign bodies (thread, nylon stocking, rope, 
string, carpet, etc.) produce a unique form of intesti- 
nal obstruction. The foreign body typically anchors it- 
self around the base of the tongue or at the pylorus. 
Peristaltic waves carry the remainder of the foreign 
body aborally, and the intestines progressively gather 
into accordion-like pleats along the object. As peri- 
stalsis continues, the object becomes taut and em- 
bedded into the mesenteric side of the intestinal 
lumen. Untreated, the intestine becomes devitalized, 
eventually developing multiple full thickness perfora- 
tions of its mesenteric border. 

Linear foreign bodies are reported more frequently 
in cats than dogs. Vomiting, anorexia and depression 
are the most common Clinical signs for both species. 
Bowel obstruction caused by linear foreign bodies 
tends to be incomplete, and vomiting may not be as 
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severe or frequent as that seen with complete obstruc- 
tion. Diagnosis may be delayed because of the non- 
specific nature of the clinical signs. 

The linear foreign body is attached around the base 
of the tongue in as many as 50% of affected cats, 
though it may be difficult to see once it becomes em- 
bedded in the soft tissues. Linear foreign bodies are 
rarely discovered under the tongues of dogs during 
physical examination. On plain abdominal radio- 
graphs, the small bowel appears plicated, and is gath- 
ered in the cranial to mid-ventral abdomen instead of 
being dispersed uniformly throughout. Gas collects in 
small, eccentrically-located intraluminal bubbles in- 
stead of normal curvilinear columns. After contrast 
medium administration, pleating becomes more obvi- 
ous, and the foreign body may appear radiolucent. 
After barium passes into the colon, the foreign body 
may retain the barium and become more apparent. 

Cats that are clinically stable, have no evidence 
of peritonitis, and present soon after ingestion of 
lingually-anchored foreign bodies have been success- 
fully managed without surgery. After being freed 
from around the tongue, the string may pass through 
the gastrointestinal tract in several days. Conserva- 
tive management is not described in the dog; most 
linear foreign bodies in this species are lodged in the 
pylorus and, since 40% of such dogs have peritonitis 
at the time of surgery, immediate surgical interven- 
tion is recommended. 

Delay in surgical removal may result in serious 
morbidity because of development of perforations, peri- 
tonitis and sepsis; therefore, surgical removal of string 
foreign bodies is considered the safest treatment for 
most animals. At laparotomy, the foreign body is typi- 
cally removed through multiple enterotomies (see Fig- 
ure 12.8). An enterotomy incision is made midway along 
the site of the obstruction and the string is located and 
grasped. The anchored portion under the tongue or in 
the pylorus can then be cut without losing control of 
the foreign body. The foreign body is gently retracted 
to remove as much as possible. Removal of its entire 
length may however require multiple enterotomies. It 
is important not to pull too vigorously on the foreign 
body, as this may cause perforation of an already com- 
promised intestinal wall. Perforations of the mesenteric 
border of the plicated bowel may not become apparent 
until the tension on the string is released and the 
plications relax. Even then, this area of the bowel can 
be difficult to evaluate due to the presence of mesenteric 
fat. Large sections of the intestine may have multiple 
mesenteric perforations, necessitating resection. 

A single enterotomy catheter technique has been 
described in cats. A 1 cm incision is made in the 
antimesenteric border of the proximal duodenum. The 
foreign body is grasped through this incision, cut at 
its anchor point, and then tied to a segment of rubber 
or silicone catheter or tubing. The catheter is inserted 
distally into the intestines with the attached string, and 
the enterotomy is closed. The catheter is then milked 
aborally through the intestines and out to the anal ori- 
fice, carrying the foreign body with it. Because linear 
foreign bodies in dogs tend to be wider in diameter 
(e.g. fabric, carpet, plastic, tights), it is unlikely that 
this technique would be useful in this species. 


Prognosis following uncomplicated linear foreign 
body removal in cats is good. Intestinal perforations, 
which are uncommon in cats, are more likely to be 
associated with death after surgery. The prognosis 
for dogs is more guarded. The probability of peritoni- 
tis and death is nearly double that reported in cats. 


Intussusception 

Intussusception is the invagination of one portion of 
the gastrointestinal tract into the lumen of an adjoin- 
ing segment. Affected animals are often less than 
1 year of age. The condition may be associated 
with enteritis secondary to parasites, viruses, linear 
foreign bodies, intestinal masses or previous abdomi- 
nal surgery; in older animals, it is often associated 
with neoplasia. 

Clinical signs are those of bowel obstruction, in- 
cluding vomiting, diarrhoea, depression and anorexia. 
Clinical signs vary with the level and completeness of 
the obstruction. Animals with duodenojejunal or proxi- 
mal jejunal intussusception often have frequent vomit- 
ing. Animals with ileocolic intussusception vomit less 
frequently and may have a more chronic history of 
tenesmus and haematochezia. 

In affected dogs, a cylindrical mass in the cranial 
to mid-abdomen is often palpable. On plain radio- 
graphs, a mass effect or accumulation of gas proxi- 
mal to the intussusception may be noted. Intus- 
susception can be differentiated from other causes 
of intestinal obstruction with contrast studies or ultra- 
sonography. On ultrasonography, an intussus- 
ception appears as a series of concentric rings in 
the transverse image or parallel lines in a longitu- 
dinal image, reflecting the folded layers of the intes- 
tinal wall. 

Surgical reduction or resection is usually required 
to correct intussusceptions. During surgery, the en- 
tire gastrointestinal tract is carefully examined, since 
multiple intussusceptions can occur simultaneously. 
Manual reduction can be attempted if the visible en- 
teric vessels are patent and the bowel wall does not 
look ischaemic. Resection and anastomosis (see Fig- 
ure 12.8) are required when the lesion cannot be 
reduced, the involved bowel is necrotic or underlying 
neoplasia is suspected. 

After surgery, animals should be tested and treated 
for endoparasites and any underlying predisposing 
conditions (e.g. viral enteritis). Prognosis for animals 
that have received appropriate supportive care and 
have undergone uncomplicated reduction or resec- 
tion of a small intestinal intussusception is good. Re- 
currence rates range from 6—27%. Recurrences are 
usually noted within 3 days but have been reported 
up to 3 weeks after surgery. When the cause of the 
intussusception is not definitively addressed at sur- 
gery (i.e. neoplasia or foreign body) enteroplication 
(see Figure 12.8) can decrease this recurrence rate. 
When used in cases of ongoing enteritis (viral, para- 
sitic, etc.), complete plication of the jejunum and ile- 
um is recommended because intussusception tends 
to recur at sites away from the initial lesion or proxi- 
mal to areas of limited enteroplication. Plication of the 
duodenum is not necessary since intussusception in 
this area is rare. 
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Mesenteric volvulus 

Mesenteric volvulus is a rare and usually fatal condi- 
tion in which the bowel twists on its mesenteric axis, 
resulting in strangulating mechanical obstruction of 
the small intestines and compression of the cranial 
mesenteric artery and its branches. With a mesenteric 
volvulus, the thin-walled veins and lymphatics become 
obstructed first, resulting in oedema formation and 
vascular engorgement of the bowel wall. Eventually, 
the cranial mesenteric artery and its branches are 
obstructed, leading to ischaemic necrosis of the distal 
duodenum, jejunum, ileum, caecum, ascending colon 
and proximal descending colon. 

The cause of mesenteric volvulus is unknown, 
although it has been reported in association with other 
diseases, including lymphocytic—-plasmacytic enteri- 
tis, ileocolic carcinoma, gastrointestinal foreign bod- 
ies, recent gastrointestinal surgery, blunt abdominal 
trauma, GDV and exocrine pancreatic insufficiency. 
The disease tends to occur in young adult, male, large- 
breed dogs. German Shepherd Dogs and possibly 
English Pointers may be predisposed. It has also been 
reported in a cat. 

Clinical signs are peracute to acute, with rapidly 
progressive abdominal distension and haematochezia 
reported most frequently. Vomiting secondary to ob- 
struction and pain has also been reported in some 
animals. Diagnosis can be challenging because the 
Clinical signs are non-specific and the condition is rap- 
idly progressive. In general, if an animal presents in 
shock with gaseous abdominal distension that is not 
relieved by appropriate placement of an orogastric 
tube, mesenteric volvulus should be suspected and 
surgery, if itis to be performed, should not be delayed 
by diagnostic tests. 

Abdominal radiographs may initially be unremark- 
able. With progression of the disease, gaseous dis- 
tension of the entire intestinal tract is noted. The 
stomach and descending colon are usually not dilated. 
The uniform and extensive nature of the small intes- 
tine distension and normal position of the stomach 
help differentiate this condition from a simple mechani- 
cal obstruction of the small bowel or GDV. Unfortu- 
nately, once the diagnosis becomes clear on 
radiographs, most of the intestinal tract is ischaemic 
and necrotic, and the animals are destined to die or 
be euthanased. De-rotation and re-oxygenation of the 
bowel may actually increase the severity of the sys- 
temic response through reperfusion injury. 

Unless recognition and treatment of the condition 
are immediate or the volvulus is only partial, progno- 
sis for recovery is grave. The vast majority of dogs 
succumb to the cascade of vascular obstruction, in- 
testinal ischaemia, and circulatory, endotoxic and 
cardiogenic shock (Figure 12.10). 


Trauma 

Penetrating abdominal injury may cause direct perfor- 
ation of the bowel. Blunt trauma may result in acute 
intestinal tears or in ischaemic necrosis and eventual 
perforation secondary to vascular compromise. Both 
types of trauma may lead to development of septic 
peritonitis; however, in cases of blunt trauma, the 
diagnosis is often delayed for several days. 


184 


Caecocolic 


(12.10 | Types of abdominal organ volvulus 
necessitating emergency surgical intervention. 


Clinical signs may include abdominal pain, vomit- 
ing, bloody stools, lethargy, anorexia or shock. Clini- 
cal findings and results of blood tests are not good 
predictors of intraperitoneal injury. Blunt probing of 
the wound can also be inaccurate. On abdominal 
radiographs, animals with a penetrating gastrointes- 
tinal wound may have free gas within the abdominal 
cavity if the omentum did not seal the leak. Analysis 
of fluid obtained by abdominal paracentesis and/or 
lavage is important for early recognition of intra- 
abdominal injury. If an adequate amount of fluid can- 
not be obtained by paracentesis, peritoneal lavage 
should be performed. Exploratory laparotomy is indi- 
cated if bacteria or vegetative matter are seen on 
cytology, or if neutrophils are degenerate and signifi- 
cantly increased in number. If results of abdominal 
fluid cytology are normal but intestinal damage is still 
a concern, radiographs and peritoneal lavage can be 
repeated at a later time, or an exploratory laparotomy 
can be performed. 

The surgical management of small bowel perfo- 
rations depends on the size, location and number of 
perforations, as well as the vascular supply to the 
involved bowel segment(s). Small defects in an other- 
wise healthy segment of bowel may be amenable 
to debridement and primary closure (see Figure 
12.8). Large defects or those involving non-viable 
bowel segments require intestinal resection and 
anastomosis. The prognosis for traumatic intestinal 
wounds depends largely on the duration and extent 
of damage. 
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Large intestine 


Intussusception 

Severe colonic obstruction can occur secondary to in- 
tussusception. On plain radiographs, a mass effect or 
accumulation of gas proximal to the intussusception may 
be noted. Confirmation of the diagnosis through a con- 
trast study is most quickly attained via a barium enema. 
Surgical treatment involves reducing the intussuscep- 
tion. In situations where this is not possible, the affected 
area of bowel is resected and the ends anastomosed 
(see Figure 12.9). This often involves resection of the 
ileum and anastomosing a jejunal segment of bowel to 
a colonic segment of bowel (Figure 12.11). 
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ED Diagrammatic representation of anastomosis 
of the small intestine to the large intestine. The 
large intestine has been oversewn so that its lumen 
approximates the size of the small intestine. The front is 
still to be sutured. 


Caecocolic volvulus 

Caecocolic volvulus has been reported infrequently 
in both dogs and cats. Clinical signs include vomiting, 
tenesmus, diarrhoea and shock. Radiographs reveal 
severely dilated loops of bowel in the caudal abdo- 
men. Surgery involves replacement of the bowel into 
its normal location and resection of non-viable tissue. 
Colopexy (see Figure 12.8) may prevent recurrence. 
The prognosis for this condition is guarded, as at least 
50% of the animals reported with this condition died 
in spite of intensive treatment (see Figure 12.10). 


Perforation 

Perforation of the colon is a true emergency because of 
the high colonic bacterial content. Untreated, colonic 
perforations are rapidly fatal. Perforation occurs second- 
ary to penetrating trauma, rupture of colonic neoplasms 
or, rarely, from foreign bodies. Leakage may also be 
seen at biopsy sites following surgical biopsy of the 
colon. Due to the high colonic bacterial load and poor 
healing of the colon, surgical full-thickness colon bi- 
opsy should only be undertaken if considered to be 
absolutely essential. Perforation has also been asso- 
ciated with corticosteroid administration in animals with 
intervertebral disc prolapse. 

The diagnosis is initially one of peritonitis, based 
on the clinical signs of shock, abdominal distension 
and pain, and a peritoneal tap or lavage showing 
severe peritonitis, with degenerate neutrophils and 
intracellular bacteria. Emergency fluid resuscitation, 
antibiotics and laparotomy are indicated. At surgery, 
the affected area of colon is packed off and either 
debrided and sutured or resected. Treatment for peri- 
tonitis is discussed later in this chapter. 


Emergency surgery of the pancreas is usually limited 
to abscess drainage or removal. Abscesses are diag- 
nosed by ultrasonographic evaluation of the pancreas. 
They appear as large, hypoechoic areas within the in- 
flamed pancreas. Aspiration of pus from a cavity within 
the pancreas is an indication for surgical exploration. 
The surgeon should be thoroughly familiar with the 
anatomy of the pancreas, its blood supply and the pan- 
creatic and common bile ducts, to avoid damaging ves- 
sels supplying the duodenum and stomach, the 
pancreatic papillae or the common bile duct. If the ab- 
scess is thick-walled and well delineated, it may be 
treated by closed-suction drainage. A balloon catheter 
(such as a Foley) is placed through the body wall and 
into the abscess cavity. The abscess cavity is thoroughly 
drained and flushed repeatedly at surgery. The abscess 
is then drained for 5-10 days postoperatively. Alterna- 
tively, the affected area of the pancreas is opened, 
debrided and flushed. Omentum is then packed into 
the cavity. The surgeon should strongly consider plac- 
ing a jejunostomy tube to allow for postoperative en- 
teral nutrition. This measure is controversial in human 
medicine and controlled clinical trials of its use in vet- 
erinary medicine are lacking. However, one of the 
authors has had some success with its clinical use. 
The abdomen is generously lavaged with warm, bal- 
anced electrolyte solution. Open peritoneal drainage 
is considered in cases with severe peritonitis associ- 
ated with pancreatitis (see Peritonitis, below). 


Biliary surgery 


True surgical emergencies of the biliary tract are usu- 
ally associated with leakage of bile, which can occur 
secondary to trauma, cholelithiasis, necrotizing chole- 
cystitis or gall bladder infarction. Penetrating trauma 
(gunshot, arrow or stab wounds) can damage any part 
of the biliary system and cause leakage from hepatic 
ducts, the common bile duct or the gall bladder. 
Choleliths generally cause biliary obstruction, but can 
occasionally perforate the common bile duct. Gall 
bladder infarction has been seen in dogs with increas- 
ing frequency at our clinic in recent years. The gall 
bladder undergoes transmural coagulative necrosis 
with minimal associated inflammation. In some cases, 
thrombi are found in vessels supplying the gall blad- 
der. This condition has been associated with under- 
lying diseases including hypothyroidism and hyper- 
adrenocorticism, and has been seen in conjunction 
with biliary mucoceles and occasionally choleliths. 
Clinical signs are variable and depend somewhat 
on the underlying cause of the disease. In cases of 
biliary leakage secondary to trauma, the clinical signs 
may reflect bile peritonitis or may be associated with 
other injuries, such as severe haemorrhage or bowel 
perforation, caused by the inciting trauma. Animals 
with cholelithiasis and gall bladder necrosis frequently 
have non-specific clinical signs, including vomiting, 
anorexia and diarrhoea. Icterus is not a consistent 
clinical sign. Levels of serum liver enzymes and 
bilirubin are variably elevated. Plain abdominal 
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radiographs show a loss of detail in the cranial abdo- 
men and may reveal radio-opaque choleliths. Abdomi- 
nal ultrasonography allows visualization of the liver 
and gall bladder, and allows the clinician to sample 
and subsequently analyse small amounts of perito- 
neal effusion. Bilirubin levels that are higher in perito- 
neal fluid than in the serum are an indication for 
exploratory laparotomy. 

Stabilization of the animal with bile peritonitis is 
discussed in more detail in the peritonitis section. 
Evaluation of a preoperative coagulation screen is 
mandatory, as the absence of bile in the digestive tract 
often prevents adequate emulsification of dietary fats 
and the absorption of fat-soluble vitamins, including 
vitamin K. Vitamin K is administered by subcutane- 
ous injection and plasma is made available if neces- 
sary to supplement blood clotting factors. At surgery, 
acomplete exploratory laparotomy is performed. Care- 
ful evaluation of each liver lobe, the hepatic and com- 
mon bile ducts and gall bladder is vital, although often 
made difficult by omental and visceral adhesions. 
Rupture of a hepatic duct is managed by ligating the 
duct; collateral drainage of bile from the affected liver 
lobe will develop. Choleliths that have perforated the 
common bile duct are removed. Often, the opening in 
the common bile duct must be enlarged to facilitate 
removal. The duct is then sutured closed with fine 
(0.7—1 metric; 5/0 or 6/0 USP) synthetic absorbable 
suture material over a stent placed through the major 
duodenal papilla up the common bile duct. If suturing 
the duct is not possible or results in duct stenosis, the 
common bile duct is ligated proximal to the leaking 
area and a cholecystoduodenostomy or -jejunostomy 
is performed. In cases of necrotizing cholecystitis, the 
duodenum is opened and the common bile duct is 
catheterized and flushed to ensure patency of the bil- 
iary tree. The gall bladder is then dissected free of 
the right medial and quadrate liver lobes, the cystic 
duct and artery are ligated using transfixation sutures, 
and the gall bladder is removed. 


Peritonitis 


The peritoneum is a serous membrane lining the ab- 
dominal cavity and reflected around the abdominal or- 
gans. In the normal animal, a small amount of fluid 
separates the parietal and visceral peritoneal layers 
and decreases friction between the abdominal contents. 
Fluid (or contamination) disperses rapidly throughout 
the peritoneal cavity. Fluid in the peritoneal space drains 
via diaphragmatic lymphatics to sternal and mediasti- 
nal lymph nodes and the thoracic duct. 

Peritonitis is defined as any inflammatory process 
involving the peritoneum. In most cases, peritonitis oc- 
curs as a sequela of another disease process, and can 
be aseptic or septic. Aseptic peritonitis may be second- 
ary to foreign bodies (surgical sponges), ruptured neo- 
plasms, chemical agents such as pancreatic enzymes, 
bile or urine (although these can contain bacteria) or 
stomach or proximal duodenal contents, in which bac- 
terial concentrations are low. Primary peritonitis occurs 
most commonly in cats, especially those with corona- 
virus infection (feline infectious peritonitis — FIP). 
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Septic peritonitis results from bowel perforation 
distal to the duodenum, penetrating wounds, surgical 
contamination or extension of a urogenital infection 
(ruptured pyometra or prostatic abscess). The perito- 
neum is exposed to large numbers of usually Gram- 
negative organisms as well as chemical bowel 
contents. Endotoxin is liberated and produced as bac- 
teria grow in the peritoneal exudate. 

Chemical injury results in inflammation of the peri- 
toneum. Vasodilation and increased vascular perme- 
ability initially result in loss of isotonic fluid into the 
peritoneal cavity. As vascular permeability increases, 
albumin is lost into the peritoneal space. Given the 
large peritoneal surface area, fluid and protein loss 
can be massive. Diaphragmatic lymphatics, which 
normally return peritoneal fluid to the systemic circu- 
lation, become overloaded and plugged with fibrin. 
Concurrent vomiting and diarrhoea exacerbate fluid 
loss. Fluid loss decreases circulating blood volume 
and results in decreased cardiac output and poor tis- 
sue perfusion, which in turn results in cellular hypoxia 
and anaerobic cellular metabolism. Cellular energy 
depletion causes loss of cell membrane integrity, cell 
death and, eventually, organ failure. 

Different aetiological agents cause some variation 
in the pathophysiology of chemical peritonitis. For 
example, uroperitoneum rapidly causes a life- 
threatening hyperkalaemia. This should be initially 
treated by a slow intravenous injection of calcium 
gluconate (a functional antagonist of potassium) at a 
dose of 50 mg/kg. Although it does not lower serum 
potassium, it returns membrane excitability to normal 
for approximately 20-30 minutes. Regular insulin 
(0.2-0.5 IU/kg) and glucose (1-2 g/IU of insulin) can 
also be administered intravenously. Animals with 
uroperitoneum are often also severely acidotic. So- 
dium bicarbonate can be administered (1-2 mmol/kg 
i.v.) to correct acidosis (see Chapter 5). Bile, although 
usually sterile, can cause permeability changes in the 
intestinal wall, allowing transmural bacterial migration. 
Gastric and pancreatic secretions are more irritating 
than bile, and produce a rapid and severe peritonitis. 

In septic peritonitis, bacteria are initially rapidly 
opsonized by white blood cells or absorbed by 
diaphragmatic lymphatics. Haemoglobin and mucus 
enhance the virulence of intraperitoneal organisms. 
Bacterial synergism, wherein the virulence of the total 
bacterial load is greater than the sum of the individual 
organisms, occurs. Bacterial destruction liberates 
endotoxins, exotoxins and proteases. Endotoxin and 
cell membrane damage both activate the arachidonic 
acid pathways, generating prostaglandins and 
leucotrienes. The complement, clotting and fibrinolytic 
systems are also activated. Macrophages are stimu- 
lated to release tumour necrosis factor, stimulating 
the release of other inflammatory cytokines. Ongoing 
absorption of bacteria and toxins and generation of 
inflammatory mediators results in sepsis or SIRS. 

Systemically, the animal responds to these profound 
changes by attempting to maintain perfusion to the heart 
and brain. Hypotension stimulates the carotid 
baroreceptors; subsequent inhibition of vagal tone and 
sympathetic stimulation should increase heart rate 
and cause peripheral vasoconstriction. In practice, 
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many animals with peritonitis have at least a phase of 
peripheral vasodilation due to SIRS. This occurs for 
several reasons, including decreased vasopressin 
levels, increased nitric oxide synthesis, opening of cel- 
lular potassium channels, and secondary to a lack of 
adenosine triphosphate (ATP), acidosis and increased 
cellular lactate concentrations. Opening of cellular 
potassium channels allows potassium to escape from 
the smooth muscle cells of the arterial walls, hyper- 
polarizing them and preventing vasoconstriction. 

Peritonitis may be difficult to diagnose. The clini- 
cal signs are largely non-specific. Depression and dif- 
fuse abdominal pain are often present, to a degree 
greater than that usually seen following abdominal 
surgery or trauma. Most animals splint their abdomi- 
nal wall at the slightest touch. Vomiting is also a promi- 
nent sign of peritonitis. Peritoneal inflammation often 
causes a paralytic ileus and intestinal dilation, in ad- 
dition to the effusion. In septic peritonitis, fever and 
leucocytosis are not consistent findings. Animals with 
peritonitis may have a leucocytosis with a left shift or 
a neutropenia. In uroperitoneum, elevations in BUN, 
serum creatinine and potassium are detected. Serum 
alkaline phosphatase, alanine aminotransferase and 
total bilirubin levels are usually elevated in cases of 
bile peritonitis. Abdominal radiographs may show free 
gas or a lack of intestinal detail and a ground glass 
appearance from free fluid in the abdominal cavity. 
Recovery and examination of peritoneal exudate is 
extremely valuable in the diagnosis of peritonitis. Ab- 
dominocentesis is performed with ultrasound guid- 
ance, and if this does not yield fluid, peritoneal lavage 
should be considered. Degenerate neutrophils with 
intracellular bacteria indicate septic peritonitis. Crea- 
tinine, potassium and bilirubin levels may also be 
measured on the peritoneal exudate. 

A low peritoneal fluid glucose concentration (<2.8 
mmol/l) and a high peritoneal lactate concentration 
(>5.5 mmol/l) have been reported to be specific indi- 
cators of septic peritonitis in veterinary patients; how- 
ever, sensitivity with this test was low, resulting in a 
large number of false-positives. In a more recent study, 
peripheral blood and peritoneal fluid glucose and lac- 
tate concentrations were compared. Peritoneal fluid 
glucose concentrations that were 1.1 mmol/l lower 
than those in the serum, and peritoneal lactate con- 
centrations 2 mmol/l higher than those in the periph- 
eral blood, were 100% sensitive and specific for a 
diagnosis of peritonitis in dogs. 

Aggressive patient stabilization is required prior 
to anaesthesia and surgery. Intravenous fluids are 
administered at shock doses. Capillary refill time, heart 
rate, arterial blood pressure, urine output and central 
venous pressure are monitored to assess the res- 
ponse to therapy. Plasma or synthetic colloids (e.g. 
hydroxyethyl starch, dextran) are often required be- 
cause of the massive loss of albumin into the periton- 
eal cavity. The choice of fluid type and electrolyte 
supplementation is based on the results of sequential 
electrolyte and blood gas measurements. 

Broad-spectrum, bactericidal antibiotics are admin- 
istered intravenously as soon as the diagnosis of 
peritonitis is made. Antibiotics effective against Gram- 
positive and -negative, aerobic and anaerobic bacteria 


are recommended. A combination of a penicillin or first- 
generation cephalosporin with an aminoglycoside or 
fluoroquinolone antibiotic is usually effective. Cefazolin 
(20 mg/kg i.v. q6h) should be used in preference to 
cephalothin, which does not reach adequate tissue lev- 
els in dogs. In animals without renal disease, amikacin 
should be administered once daily at 15 mg/kg i.v., as 
the single high dose is more effective and less nephro- 
toxic than multiple smaller doses. Metronidazole (10 
mg/kg orally or i.v. q8h) may be added for additional 
anaerobic coverage. Penicillins, cephalosporins and 
aminoglycosides all reach intraperitoneal levels equiva- 
lent to their serum levels. 

High-dose corticosteroid administration in septic 
shock has largely been abandoned after human clini- 
cal trails showed that corticosteroids were associated 
with a higher mortality. However, there is emerging 
evidence that a subset of patients with peritonitis and 
sepsis have poor adrenal function, and these patients 
may benefit from physiological doses of glucocorticoids 
and mineralocorticoids. NSAIDs are also controversial 
in the treatment of septic shock. In experimental septic 
shock models demonstrating therapeutic benefit, the 
NSAID (aspirin, indomethacin, phenylbutazone, 
flunixin meglumine) had to be administered prior to 
the onset of shock. Potential side effects of NSAIDs 
include gastrointestinal haemorrhage (especially if 
administered in conjunction with corticosteroids), 
nephrotoxicosis and blood dyscrasias. Potential 
benefits include improved cardiac index, increased 
blood pressure, decreased microvascular damage and 
permeability and improved survival. 

One of the most important aspects of treating peri- 
tonitis is prompt removal of the inciting cause. While 
the animal should be stabilized before anaesthesia 
and surgery, the underlying source must be addressed 
to resolve the peritonitis. Exploratory laparotomy is 
mandatory to treat the source of the peritonitis, re- 
move peritoneal contamination and exudate, and pro- 
vide a route for enteral nutrition. Alarge ventral midline 
incision is used for exposure. A complete exploratory 
laparotomy is performed. The source of the peritoni- 
tis is identified and isolated from the remainder of the 
abdomen using moistened laparotomy sponges. In 
animals with generalized peritoneal contamination, the 
authors prefer to lavage the peritoneal cavity with a 
large volume of warm sterile saline before proceed- 
ing with definitive treatment. The fluid is immediately 
aspirated from the peritoneal cavity. 

Definitive treatment of peritonitis often involves 
resection and anastomosis of damaged bowel. Omen- 
tal wrapping or serosal patching is recommended to 
reinforce anastomoses in the face of peritonitis. Se- 
rosal patching is a technique in which loops of healthy 
bowel are loosely sutured to the bowel adjacent to 
the anastomosis (Figure 12.12). The serosal surfaces 
of the healthy bowel are then in contact with the anas- 
tomosis site allowing a reinforcing fibrin seal to form. 

Few animals with peritonitis will eat voluntarily, and 
many vomit during the postoperative period, so 
mechanisms for nutritional support should be consid- 
ered during surgery. Placement of a gastrostomy or 
jejunostomy tube should be considered unless it in- 
terferes with repair of the leaking intestine. 
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[12.12 | Serosal patching. (a) Two healthy loops of 
small intestine are brought alongside the loop 
of bowel to be patched. Sutures are placed between the 
mesenteric sides of the normal and affected intestine 
loops. (b) The antimesenteric surfaces of the two healthy 
loops of intestine are apposed with single interrupted 
sutures, covering the affected area with bowel. Please 
note: this procedure should only be performed to 
reinforce healthy bowel. Patching does not remove the 
need for accurate assessment of bowel viability and 
resection of unhealthy bowel 


The peritoneal cavity should be thoroughly lavaged 
with a large volume of warm, sterile, balanced elec- 
trolyte solution to remove bacteria and debris. The 
volume of fluid required varies from 500 ml in a cat to 
several litres in a large dog. All lavage fluid must be 
aspirated. Lavage with inadequate aspiration merely 
spreads bacteria throughout the peritoneal cavity, and 
sequesters them from phagocytosis. 

The addition of antiseptics to the lavage fluid has 
been controversial, and is currently not recommended. 
Several human studies have concluded that there is 
no benefit to adding povidone—iodine to lavage fluid. 
Experimental studies have shown that 2 ml/kg of povi- 
done-—iodine (10% solution, 1% available iodine) in- 
stilled into the peritoneal cavity of dogs with peritonitis 
is lethal. Intraperitoneal povidone—iodine also de- 
creases the neutrophil percentage and increases bac- 
terial numbers in the peritoneal cavity in rats with 
experimental peritonitis. The addition of antibiotics to 
peritoneal lavage fluid is also debated. Most studies 
indicate that this treatment is not beneficial in patients 
receiving appropriate parenteral antibiosis. 

Contamination often remains within the peritoneal 
cavity even after extensive debridement and lavage. 
The veterinary surgeon must decide which cases 
require postoperative peritoneal drainage. Local 
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peritoneal drainage is important when the inflamma- 
tion is confined to a specific area of the peritoneal cav- 
ity. Drainage tubes, with or without suction, can be used 
in such cases; examples include prostatic and pancre- 
atic abscesses. Ideally, drain exit points should be cov- 
ered with a sterile dressing. Drainage tubes were, until 
recently, considered ineffective for draining the entire 
peritoneal cavity, as they were thought to be rapidly 
sealed by fibrin and omentum. The presence of drains, 
which are effectively foreign bodies, resulted in in- 
creased bacterial translocation and histological inflam- 
mation in an experimental peritonitis model. In spite of 
this, draining the peritoneal cavity with closed suction 
drains has been described in clinical cases of peritoni- 
tis in dogs and cats, with similar results to open drain- 
age. Drains are placed in the cranial, and sometimes 
caudal, abdomen (Figure 12.13). 


(12.13 | Two closed suction drains, one placed in the 
cranial abdomen and one placed in the caudal 


abdomen, used to drain the peritoneal cavity after 
surgery for septic peritonitis 


Open peritoneal drainage is accomplished by in- 
completely closing the abdominal incision. The falciform 
ligament is removed, and the linea is sutured with 
a continuous monofilament suture leaving a gap of 
2—4 cm between the wound edges (Figure 12.14). The 
wound is bandaged using a sterile dressing of gauze 
impregnated with petroleum jelly, covered by sterile 
towels. This primary dressing is covered with a layer of 


Open peritoneal 
drainage. The 
linea alba is 
sutured 
approximately 

3 cm apart with 
non-absorbable 
material. This 
open Incision IS 
then covered with 
a sterile bandage 
that will require 
changing every 
6-12 hours 
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thick, absorbent material, a layer of conforming, stretch- 
able gauze bandage, then adhesive tape. The dress- 
ing usually requires changing every 6 hours initially, as 
fluid from the peritoneum soaks through. Bandage 
changes are performed under sterile conditions with 
the animal sedated. Fibrous adhesions, which may 
entrap peritoneal exudate, are gently freed. There are 
no exact criteria to help the clinician judge either which 
cases of peritonitis require open abdominal drainage, 
or when to close the open incision. In general, the inci- 
sion is closed when drainage has decreased and the 
peritoneum appears grossly healthy at bandage 
changes. This generally occurs 3-5 days after the ini- 
tial surgery. Closure should be performed as a com- 
plete laparotomy, and the peritoneal cavity examined 
for any evidence of residual infection. 


Haemoperitoneum 


Haemoperitoneum is the abnormal accumulation of 
blood in the peritoneal space and is a common diag- 
nosis in small animal emergency practice. Neoplasia 
and trauma are the most common causes of haemo- 
peritoneum. Definitive diagnosis is made by retrieval 
of a sample of the peritoneal fluid for analysis. Ab- 
dominocentesis using ‘blind’ or ultrasound-guided 
techniques will reveal the presence of a sanguineous 
non-clotting peritoneal fluid. If the blood retrieved by 
abdominocentesis forms clots, inadvertent splenic or 
vascular penetration should be suspected. 
Regardless of the cause of haemoperitoneum, cir- 
culatory support is often necessary. The rate and com- 
position of intravenous fluids is tailored to each 
individual animal, and packed red cell or whole blood 
transfusions may be required. By increasing intra- 
abdominal pressure, abdominal bandages can be 
helpful for short-term stabilization to help attenuate 
or arrest intra-abdominal haemorrhage. Although high 
intra-abdominal pressures may be reached by these 
means, it is unlikely that arterial haemorrhage will be 
stopped using an abdominal bandage. Increasing 
intra-abdominal pressure for prolonged periods of time 
can have serious consequences for liver, renal and 
other abdominal organ blood flow; the long-term use 
of tight abdominal bandages is, therefore, not recom- 
mended. Surgical therapy is aimed at resection or 
control of the bleeding focus, removal of any devital- 
ized tissue and biopsy of additional sites of suspicion. 


Neoplastic haemoperitoneum 

Neoplasia is the most common cause of non-traumatic 
haemoperitoneum and is common in dogs with splenic 
malignancy. It has also been reported in association 
with primary and metastatic hepatic, renal and adre- 
nal malignancies. The majority of splenic malignan- 
cies metastasize to the liver and, occasionally, to the 
lungs. Haemangiosarcoma, in particular, can be iden- 
tified at multiple sites within the body (spleen, liver, 
lungs and right atrial appendage). A systematic ab- 
dominal ultrasound examination, which can be help- 
ful despite peritoneal fluid, should aid in the diagnosis. 
Thoracic radiographs should also be made in left and 
right lateral and dorsal recumbency to assess for gross 


metastatic disease. If further information about the 
heart is needed, echocardiography should be per- 
formed. Ultrasonographic visualization of the right 
atrial appendage, however, may be very difficult in 
the absence of a pericardial effusion. Failure to iden- 
tify areas of suspicion on radiographs or ultrasono- 
graphy does not rule out metastatic disease. With this 
in mind, surgery is often approached as an excisional 
biopsy procedure that may also return cardiovascular 
stability. However, surgical exploration could uncover 
findings (e.g. multiple haemorrhaging hepatic masses) 
that will make proceeding further with surgery an un- 
tenable option (Figure 12.15). 


(12.15 | Haemorrhagic splenic mass responsible for 
haemoperitoneum. Note the presence of 
multiple masses in the omentum, suggesting local 
metastatic disease 


Resection of the affected organ or organ part 
should be carried out as efficiently as possible once 
the location of the haemorrhage has been identified. 
In the case of a splenic mass, complete splenectomy 
is usually the quickest and safest choice even if the 
disease is limited to just one pole. If the haemorrhagic 
focus is confined to one or two liver lobes, partial hepa- 
tectomy can be considered. Unilateral nephrectomy 
may be needed if a lesion is present in only one kid- 
ney. This procedure is well tolerated in dogs and cats 
when the remaining kidney has normal function. Al- 
though definitive information regarding relative renal 
function is usually not known for patients undergoing 
urgent surgery for haemoperitoneum, normal function 
may be implied if only one kidney contains tumour 
and the other is grossly normal, and if urine specific 
gravity, serum creatinine and BUN were all normal 
preoperatively. If the haemorrhagic focus is in another 
abdominal organ, resection should be carried out if it 
is feasible. If multiple liver lobes contain bleeding foci, 
if both kidneys are actively haemorrhaging or if multi- 
ple other sites are bleeding, surgical therapy may be 
impossible and intraoperative euthanasia is the only 
reasonable option. If metastatic disease is present 
throughout the peritoneal cavity, but only one site is 
actively bleeding, the veterinarian and clients have to 
choose between securing a diagnosis, in the hope 
that medical treatment will be possible, and 
intraoperative euthanasia. The long-term prognosis 
for these patients depends upon the tumour type and 
its biological behaviour. 
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Splenic and liver lobe torsion 

Splenic and liver lobe torsion are rare conditions asso- 
ciated with haemorrhagic peritoneal effusion. Clinical 
features of both diseases are inconsistent and non- 
specific. Splenic torsion is often suspected on the 
basis of abdominal radiographs and may be further sus- 
pected or confirmed by abdominal ultrasound exami- 
nation. Liver lobe torsion may be a difficult diagnosis to 
make without exploratory laparotomy. Treatment for 
both conditions is resection. The twisted organ pedicle 
should not be untwisted prior to resection (see Figure 
12.10). There are reports of GDV occurring in dogs 
with prior splenic torsions, so if the animal is stable, a 
prophylactic gastropexy may be indicated following 
removal of the spleen. The prognosis for surgical treat- 
ment of these conditions is generally good. 


Trauma 

Both blunt and penetrating abdominal trauma can re- 
sult in intra-abdominal haemorrhage. Usually, the most 
rapid haemorrhage to follow accidental trauma comes 
from a laceration or rupture of a major vessel or 
parenchymatous organ (liver, spleen or kidney). Bleed- 
ing from these structures can be rapidly fatal. Other 
traumatic lesions that cause haemoperitoneum may 
have less damaging haemodynamic effects but can be 
equally life threatening if left undiagnosed. Such con- 
ditions include rupture of the urinary bladder, ureteric 
rupture or avulsion, urethral rupture, gall bladder rup- 
ture and intestinal mesenteric avulsion. Despite all these 
possibilities, traumatic haemoperitoneum is often 
minor, self-limiting and of no long-term significance. 


Postoperative management and 
monitoring 


Diligent postoperative care and monitoring are essen- 
tial for successful treatment of gastrointestinal emer- 
gency cases. The goal of postoperative management 
is to maintain adequate tissue perfusion, and to antici- 
pate and monitor for potentially life-threatening com- 
plications. Although the conditions discussed in this 
chapter are diverse and cases will vary in severity, post- 
operative complications following laparotomy may in- 
clude hypovolaemia due to haemorrhage or fluid losses 
from the intravascular space, respiratory dysfunction 
(e.g. aspiration pneumonia, acute respiratory distress 
syndrome), cardiac dysrhythmias (especially in dogs 
with GDV), renal failure and sepsis. Frequent clinical, 
electronic and laboratory monitoring is vital in critical 
cases to evaluate cardiac function, perfusion, pulmo- 
nary gas exchange and renal function. The reader is 
referred elsewhere in the Manual for a more detailed 
discussion of these methods of monitoring. 
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Haematological emergencies 


Susan G. Hackner 


Anaemia 


Anaemia is defined as a decrease in the red blood cell 
mass, occurring due to decreased production, increased 
destruction (haemolysis) or loss (haemorrhage) of red 
blood cells. The consequences of anaemia are tissue 
hypoxia and, ultimately, death. Successful management 
depends on a systematic diagnostic approach and 
timely, effective intervention. 


Approach in the emergency situation 

Anaemic patients are usually presented for progres- 
sive weakness, which may culminate in collapse. 
The duration of clinical signs ranges from peracute to 
chronic. The patient in an anaemic crisis requires ur- 
gent intervention (Figure 13.1), with an initial goal of 
stabilization of life-threatening clinical signs. The pri- 
mary survey of the emergency patient is an initial rapid 
assessment of vital organ systems to determine if a 
life-threatening situation exists. Pallor is the hallmark 
sign of anaemia, and should be differentiated from 
pallor associated with hypoperfusion by determina- 
tion of clinical perfusion parameters and the packed 
cell volume (PCV). Patients in an anaemic crisis 
are moribund or extremely depressed, with marked 
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pallor, tachypnoea, tachycardia and bounding pulses. 
If the anaemia is due to severe blood loss, signs of 
hypoperfusion predominate. 

Venous access is achieved by placement of a 
large-bore peripheral catheter, ideally the largest-bore 
catheter possible, in case aggressive fluid therapy is 
warranted. In large dogs with evidence of hypoper- 
fusion, two catheters may be required. Blood is col- 
lected from the catheter for a minimum database, 
including a PCV and total solids (TS) or total protein 
(TP) (see Chapter 1). Samples should be collected 
prior to initiating therapy, to determine baseline re- 
sults before treatment changes the laboratory para- 
meters. In addition to the minimum database, other 
samples obtained at this time should include a blood 
smear, an in-saline agglutination test, blood typing, 
and serum, EDTA and citrated plasma samples for 
later laboratory testing. 

Following the collection of blood samples, therapy 
should be initiated to stabilize the patient. In severe 
anaemia, blood transfusion is usually required. The 
decision to transfuse should be based on the patient's 
clinical signs rather than simply on the PCV. Animals 
with chronic anaemia may tolerate remarkably low 
PCVs with few clinical signs. Conversely, patients 
acutely affected by moderate anaemia may be ex- 
tremely decompensated if concurrent hypoperfusion 
or hypoxaemia exacerbate tissue hypoxia. 

Selection of blood components is based on the PCV 
and TP (see Chapter 14). If only the PCV is low, packed 
red blood cells should be transfused. If both PCV and 
TP are decreased, whole blood transfusion is indicated. 
If only packed cells are available, synthetic colloid so- 
lutions can be used instead of plasma to provide col- 
loidal support during resuscitation. All cats must be 
blood typed prior to transfusion to avoid potentially 
fatal transfusion reactions. As a general guide, whole 
blood is transfused at a dose of 20 ml/kg in the dog, 
and 10-15 ml/kg in the cat. In patients that are not in 
shock, the recommended transfusion rate is 5 ml/kg/h 
for dogs, and 3 mi/kg/h for cats. In the hypovolaemic 
patient, this rate can be substantially increased depend- 
ing on individual needs. Slower transfusion rates (1-2 
ml/kg/h) are recommended in patients with significant 
concurrent cardiac disease, hypertension or hypervis- 
cosity disorders. Blood transfusion is generally sufficient 
for the initial stabilization of the anaemic patient, unless 
ongoing haemorrhage is present. All patients should 
be closely monitored during and following resuscita- 
tion for changes in PCV and perfusion parameters. 


Following initial stabilization, the secondary sur- 
vey includes a complete history and thorough physi- 
cal examination. A diagnostic plan is formulated to 
determine the cause of the anaemia. Following PCV/ 
TP assessment, laboratory testing should begin with 
blood smear examination, a complete blood count 
(CBC) and a reticulocyte count. 


Clinical and laboratory assessment 


History and physical examination 

The signalment of the patient may be informative. 
Young animals are more likely to have congenital dis- 
ease or blood loss due to parasites, whereas older 
animals are at greater risk of malignancies. The history 
should include a detailed enquiry into vaccines, medi- 
cations, diet, travel and past illnesses. Vaccination 
and drug therapy may predispose to immune-mediated 
disease, marrow suppression or thrombopathia. Dietary 
indiscretion (onions, zinc) may result in haemolysis. 
Travel to certain locations might alert the clinician to 
the possibility of tick-borne disease or red cell para- 
sites. Previous bleeding episodes should increase the 
suspicion that haemorrhage is the likely cause of the 
current anaemia, and the owner should be questioned 
regarding the presence of melaena, haematuria or 
epistaxis. Since many anaemic cats have viral disease, 
detailed questions should be asked about serological 
testing and exposure to other cats. 

Animals with acute onset of haemolysis or bleed- 
ing will develop clinical signs at a higher PCV than ani- 
mals with a gradual onset of anaemia due to decreased 
erythropoiesis. Physical examination should include a 
thorough search for any evidence of haemorrhage: 
evaluation of the body cavities, examination of the skin, 
mucous membranes and joints, as well as rectal and 
fundic examinations. The clinician should also actively 
seek evidence of neoplasia, infectious disease or 
immune-mediated disease (arthritis, uveitis, glomeru- 
lonephritis or cutaneous lesions). Icterus may be due 
to haemolysis or to hepatic or biliary disease. Spleno- 
megaly may be due to haemolysis, neoplasia, infectious 
disease, torsion or extramedullary haemopoiesis. Fever 
may result from infectious disease, neoplasia or acute 
immune-mediated haemolysis. 


Packed cell volume and total solids/total protein 
Adecreased PCV confirms anaemia. Typically, a con- 
current decrease in TP suggests blood loss, whereas 
a normal TP suggests haemolysis or decreased red 
cell production. In dogs with acute blood loss (for ex- 
ample following trauma), the PCV may be normal or 
increased due to splenic contraction and because fluid 
shifts have not yet occurred. Thus, in dogs that have 
sustained trauma, a decreased TP is an important 
early clue to active haemorrhage. Splenic contraction 
does not occur in cats. The plasma should be exam- 
ined for evidence of haemolysis or icterus. 


Blood smear examination 

Blood smear examination using a Romanowsky-type 
stain (e.g. Diff-Quik) is probably the single most useful 
tool for evaluating anaemia in the emergency setting. 
It permits evaluation of the regenerative response (in 
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dogs) and frequently indicates the cause of the anae- 
mia (Figure 13.2). If the anaemia is judged to be non- 
regenerative, erythrocyte morphology may indicate the 
aetiology, e.g. microcytosis in animals with iron defi- 
ciency. If haemolysis is suspected, erythrocytes may 
show oxidative damage (Heinz bodies, eccentrocytes), 
evidence of immune-mediated destruction (sphero- 
cytes), physical damage (schistocytes) or parasites. 
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Common erythrocyte abnormalities observed 
z on blood smear examination. 


It is important to realize that regeneration cannot 
be accurately assessed on blood smear examination 
in cats. Due to the different forms of reticulocytes in 
cats (see below), the absence of identifiable reticulo- 
cytes in this species does not exclude regeneration. 
Conversely, evidence of any degree of reticulocyto- 
sis on blood smear examination in a cat probably in- 
dicates an acute and profound regenerative response. 

If the patient is bleeding, smear examination is vital 
to make an immediate assessment of platelet num- 
bers and morphology. In addition, evaluation of 
leucocytes is informative with regard to white cell num- 
bers and proportions, and may indicate the presence 
of a left shift, morphological/neoplastic changes or 
parasites. Approximately 18-51 leucocytes per X10 
objective field indicates a normal total white cell count. 


Complete blood count 

The CBC determines absolute cell numbers and red 
cell parameters. Cell types are distinguished based 
on a size threshold. In cats, there is often consider- 
able overlap between erythrocyte and platelet vol- 
umes, and automated cell counters cannot resolve 
the cells into two distinct populations, resulting in 
inaccuracy of automated platelet counts. 
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Reticulocyte count 

A reticulocyte count should be performed in all anae- 
mic patients, providing accurate quantification of 
the regenerative response. Reticulocyte counts are 
performed by vital staining that allows visualization 
of ribosomes. Usually, a few drops of blood are 
mixed with an equal volume of 0.5% new methylene 
blue in physiological saline; 1000 red blood cells 
are counted and the percentage of reticulocytes 
is recorded. 

Counting of reticulocytes is simple in the dog, as 
there is essentially only one type of reticulocyte. The 
cat, however, has two types of reticulocytes: aggre- 
gate reticulocytes, in which the organelles are coales- 
ced into aggregates; and punctate reticulocytes, in 
which the organelles are present as small particles. 
Aggregate forms are released from the marrow and, 
after approximately 12 hours, develop into punctate 
forms that persist in the circulation for 10-12 days. 
Aggregate forms therefore indicate active regenera- 
tion, whereas punctate forms indicate recent, cumu- 
lative regeneration. Since punctate forms are not 
recognizable on routine staining, the degree of regen- 
eration may be underestimated in cats. If both forms 
are counted and not distinguished, active regenera- 
tion may be overestimated. 

The degree of reticulocytosis must be interpreted 
relative to the degree of anaemia, by calculation of 
the absolute reticulocyte count (number per litre of 
blood) or a corrected reticulocyte count (%). In dogs, 
an absolute reticulocyte count >60 x 10°/l is evidence 
of regeneration. In cats, >50 x 10°/l aggregate 
reticulocytes is considered regenerative. The cor- 
rected reticulocyte count is calculated by the formula: 


Corrected reticulocyte % = 
(Observed reticulocyte count) x PCV of the patient 
Mean normal PCV 


Mean normal PCV is considered to be 45% for the 
dog and 37% for the cat. Acorrected reticulocyte count 
above 1% indicates active erythropoiesis. 


Saline agglutination test 

Evaluation for autoagglutination is performed by mix- 
ing adrop of blood (fresh or anticoagulated with EDTA) 
with an equal or greater volume of saline on a glass 
slide. Macroagglutination can be visualized grossly. 
Microscopic evaluation of a fresh wet mount will al- 
low detection of microagglutination and differentiation 
from rouleaux formation. Autoagglutination, if present, 
should persist following washing of the cells three 
times in saline. If agglutination is present, this pro- 
vides strong evidence for immune-mediated haemo- 
lytic anaemia, however it is present in only a relatively 
small percentage of cases. 


Diagnostic approach 

The essential first step of diagnosis in the anaemic 
patient is to determine the mechanism of the anae- 
mia: decreased erythropoiesis, haemolysis or haem- 
orrhage (Figure 13.3). 
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ca Causes of anaemia. 


Regenerative versus non-regenerative 

The most important question is to determine whether 
the anaemia is regenerative or non-regenerative by 
performing a reticulocyte count or, in the emergency 
setting, examination of a blood smear. On a routinely 
stained smear, reticulocytes (the only reliable indica- 
tor of regeneration) are seen as larger, more basophilic 
erythrocytes, resulting in anisocytosis and polychro- 
masia (Figure 13.4). Nucleated red blood cells are 
not a reliable indicator of erythroid hyperplasia, as they 
may be present in numerous conditions in spite of a 
quiescent marrow (e.g. some neoplasms, lead toxic- 
ity, splenic disease). 


Regenerative anaemia in a dog with 
2 immune-mediated thrombocytopenia, showing 


anisocytosis and polychromasia (Diff-Quik®). 


In general, the presence of regeneration indicates 
that either haemolysis or haemorrhage is the cause 
of the anaemia, whereas the absence of regenera- 
tion suggests that the cause is decreased erythropoi- 
esis. There are, however, three important exceptions: 


* Acute haemorrhage or haemolysis of less than 
2-4 days’ duration, as there has been 
insufficient time for bone marrow response ” 

* Concomitant disease that precludes an 
appropriate bone marrow response, e.g. renal 
failure 

* immune-mediated haemolytic anaemia where 
the immune response is targeted to the red cell 
precursors (Figure 13.5). 


Therefore, if the anaemia is regenerative, the next 
step is to determine if it is due to haemolysis or to 
haemorrhage. If the anaemia is non-regenerative, 
decreased erythropoiesis should not be assumed. 


Regenerative versus non-regenerative 
anaemia. 
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Haemolysis versus haemorrhage 

Several clinical clues are available to differentiate 
haemolysis from haemorrhage (Figure 13.6). Blood 
loss is not always obvious, so a careful search must 
be made for evidence of haemorrhage. In some 
patients, haemorrhage and haemolysis occur simul- 
taneously. The serum protein concentration is gener- 
ally normal with haemolysis and decreased with 
haemorrhage. There are, however, exceptions: 
patients with concomitant haemolysis and protein loss 
(e.g. protein-losing nephropathy) or those with pre- 
existing hyperglobulinaemia. Haemoglobinaemia and 
haemoglobinuria indicate haemolysis. Splenomegaly 
and icterus usually suggest haemolysis, but are nei- 
ther consistent nor specific findings. 


Clinical features to assist in differentiating 
13.6 i k 
haemorrhage from haemolysis. * Exceptions 


can occur in the presence of concurrent or associated 
disease. 


Having determined the mechanism of the anae- 
mia, a comprehensive list of differential diagnoses 
can be constructed, and further diagnostic testing 
allows determination of the specific cause (see Fig- 
ure 13.3). 


Haemorrhagic anaemia 

Acute haemorrhage is treated by arresting the bleed- 
ing and restoring the circulating blood volume. Sig- 
nificant blood loss may occur internally into the pleural 
cavity, the peritoneal cavity, the retroperitoneal space, 
the fasciomuscular planes and the gastrointestinal 
tract. Large volumes of blood can accumulate in the 
intestines for several days before melaena becomes 
evident. When haemorrhage is identified without evi- 
dence of trauma, it is important to determine whether 
the bleeding is due to local factors or a systemic bleed- 
ing disorder, based on the history or the presence of 
multiple sites of bleeding. Where doubt exists, haemo- 
stasis should be tested. 

Patients with chronic blood loss generally do not 
become emergencies until they are severely anae- 
mic due to depletion of iron stores. Since younger 
animals have smaller stores, they become anaemic 
more readily than adults, usually from endo- and 
ectoparasitism. The anaemia is variably regenera- 
tive and is usually microcytic and hypochromic. 
Thrombocytosis may be present. Chronic blood 
loss in the adult is usually into the gastrointestinal 
tract. Even when parasites are identified in the adult, 
additional testing is indicated to eliminate the possi- 
bility of an additional cause of haemorrhage (e.g. 
neoplasia, ulceration). 
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Haemolytic anaemia 

Haemolytic anaemia is common in dogs, often occur- 
ring acutely. Most haemolysis is extravascular, with 
erythrocyte destruction occurring in the spleen and 
liver. Splenomegaly is frequently present. Intravascu- 
lar haemolysis is less common and results in haemo- 
globinaemia and haemoglobinuria, which may cause 
acute nephrosis. With either process, the rate of eryth- 
rocyte destruction may exceed the rate of hepatic 
clearance, resulting in hyperbilirubinaemia and icterus. 
The absence of hyperbilirubinaemia, however, does 
not exclude haemolysis. 

The evaluation of patients with haemolytic anae- 
mia should always include a blood smear examina- 
tion and a saline agglutination test. In cats, viral 
serology is imperative. Morphological abnormalities 
highly suggestive of a particular aetiology are 
frequently detectable on smear examination. These 
include spherocytes, Heinz bodies, eccentrocytes, 
erythroparasites and schistocytes (see Figure 13.2). 

There are numerous causes of haemolytic anae- 
mia (see Figure 13.3), which can be divided into the 
following major categories: 


Immune-mediated 
Toxic 

Infectious 
Microangiopathic 
Congenital 
Miscellaneous. 


The most common are briefly discussed below. 


Immune-mediated haemolytic anaemia 
Immune-mediated haemolytic anaemia (IMHA) is the 
most common cause of haemolysis in dogs. Haemoly- 
sis is usually extravascular, but may be intravascular. 
IMHA may be primary (idiopathic) or secondary to drug 
administration (e.g. sulphonamides), live-virus vac- 
cination, neoplasia (especially lymphoma and haem- 
angiosarcoma), tick-borne disease (babesiosis, 
ehrlichiosis), dirofilariasis or bacterial infection (e.g. 
leptospirosis). It may be accompanied by other immune- 
mediated processes such as immune-mediated throm- 
bocytopenia or systemic lupus erythematosus (SLE). 

The onset of signs is usually acute. Splenomegaly 
is common, as are icterus and fever. The anaemia is 
usually regenerative, and neutrophilia occurs 
frequently. Up to 33% of cases have reticulocytopenia, 
which may indicate recent haemolysis or the destruc- 
tion of red cell precursors in the bone marrow. Throm- 
bocytopenia may be present due to antibody-mediated 
destruction or as a result of consumption (thrombosis 
or disseminated intravascular coagulation (DIC)). 

Diagnosis of IMHA requires elimination of other 
causes of haemolysis and demonstration of immune- 
mediated erythrocyte injury. Spherocytosis is the most 
reliable feature of IMHA in canine patients (Figure 
13.7). Autoagglutination is the next most convincing 
evidence, but is not always present. A positive direct 
Coombs’ test supports the diagnosis, but a negative 
test does not rule out IMHA. When spherocytosis is 
not convincing, and autoagglutination and Coombs’ 
testing are negative, a saline fragility test may help to 
document erythrocyte injury. 
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Spherocytosis is recognized by the presence 
of many small round erythrocytes that lack 
central pallor. The finding of large numbers of these cells 
is highly suggestive of immune-mediated haemolytic 
anaemia. (Courtesy of Dr Patricia McManus, University of 
Pennsylvania) 


If the anaemia is non-regenerative, recognition of 
spherocytes is an important clue to the presence 
of immune-mediated anaemia. Bone marrow exami- 
nation, usually reveals a distinct maturation block at 
one stage of erythroid development, with an absence 
or paucity of later stages. Erythrophagocytosis may be 
evident. Immune-mediated pure red cell aplasia can 
also occur due to destruction of stem cells. Diagnosis 
of immune-mediated anaemia in these cases can be 
difficult, and response to therapy provides important 
information. In cases of non-regenerative immune- 
mediated anaemia, a longer period should be anti- 
cipated for a response to therapy (weeks to months). 

Once a diagnosis of IMHA is made, a thorough 
search for underlying causes or systemic immune- 
mediated disease should begin. In addition to a CBC, 
biochemical profile and urinalysis, diagnostic tests 
could include radiology/ultrasonography, an anti- 
nuclear antibody test (ANA) and serology for tick-borne 
diseases and occult dirofilariasis. Tests for infectious 
diseases should be chosen based on the geographi- 
cal location and travel history. 

IMHA is uncommon in the cat. Since recognition 
of spherocytes is difficult in the cat, the saline fragility 
test can be used to detect erythrocyte injury. Infection 
with Mycoplasma haemofelis is frequently associated 
with IMHA. A direct association between feline leu- 
kaemia virus (FeLV) and IMHA is equivocal, but con- 
current disease occurs relatively commonly, and cats 
with IMHA should be evaluated for viral disease. 

Treatment of IMHA includes the elimination of any 
underlying cause, adequate immunosuppression and 
appropriate supportive care. Glucocorticoids are the 
backbone of immunosuppressive therapy, and should 
be initiated without delay, following diagnosis and test- 
ing for underlying neoplasia. Glucocorticoid therapy 
can be initiated with prednisolone (1-2 mg/kg qi2h 
orally or s.c. for animals <10 kg and 15 mg/m? qi2h 
for animals >10 kg) or dexamethasone (0.1—0.3 mg/ 
kg i.v. qi2h). The use of gastrointestinal protectants 
(H,-receptor antagonists) is recommended. When tick- 
borne disease is possible, doxycycline should be 
administered (5-10 mg/kg q12-24h orally or i.v.). 


Most patients with regenerative IMHA respond to 
glucocorticoid therapy within 5-7 days. Response to 
therapy is evaluated based on the haematocrit, which 
depends on the balance between cell destruction and 
bone marrow regeneration. The need for adjunctive 
therapy with more potent immunosuppressive agents 
in the acute scenario remains unclear, as their efficacy 
has yet to be firmly established in small animals. These 
drugs are generally reserved for those patients with 
intravascular erythrocyte destruction, autoagglutination, 
severe hyperbilirubinaemia or unrelenting aggressive 
haemolysis. Several adjunctive immunosuppressive 
drugs may be considered. Ciclosporin (3-7 mg/kg 
q12h in dogs; 4-6 mg/kg orally q12h in cats) is an at- 
tractive option for adjunct immunosuppression in the 
acute scenario, as it acts rapidly and does not induce 
myelosuppression. A newer alternative in the dog is 
mycophenolate (10—15 mg/kg q12h orally or i.v.). While 
reports of efficacy are lacking, clinical experience with 
this drug has been encouraging. Cyclophosphamide 
(200 mg/m? total dose i.v. or orally once or divided over 
3—4 consecutive days) may be used but, due to the 
potential for myelosuppression, it should be avoided, 
or used only as a last resort, in patients without a re- 
generative response. Rapid responses to human intra- 
venous immunoglobulin (0.5-1.5 g/kg i.v. as a single 
infusion) have been described in dogs. The drug is 
expensive, but has not been associated with signifi- 
cant adverse effects, and can be used together with 
other immunosuppressive therapy. Experience in small 
animal patients, however, is limited, so it is difficult to 
give firm recommendations for use. 

The guidelines for blood transfusion are no differ- 
ent from those for other forms of anaemia. There is 
no basis for the statement that transfusion is contra- 
indicated in this disease. Intravenous fluid therapy is 
indicated in severely affected patients to prevent blood 
stasis, minimize hypercoagulability (thromboembolism 
and DIC) and to ensure adequate diuresis in patients 
with intravascular haemolysis. 

IMHA is a potentially hypercoagulable state; the risk 
of thrombosis is exacerbated by stasis, immobility, vas- 
cular catheterization, inflammation associated with the 
systemic inflammatory response syndrome (SIRS) and 
corticosteroid therapy. The risk of thromboembolism in 
the individual patient, however, is difficult to determine 
objectively. A recent study suggested significantly im- 
proved survival in dogs that received antiplatelet 
therapy with ultra low-dose aspirin at 0.5 mg/kg q24h 
orally (Weinkle et al., 2005). The benefit:risk ratio of 
this practice may support its routine use. More aggres- 
sive antithrombotic therapy with anticoagulants may be 
indicated in more severely affected patients (those with 
autoagglutination or massive unrelenting haemolysis), 
or in the presence of a second disease process that 
predisposes to hypercoagulability (see below). The 
benefits of anticoagulation in these patients, however, 
remain undocumented, as do established protocols for 
such drugs (see below). 

Corticosteroids are continued at the initial dosage 
until the haematocrit begins to increase, usually a mini- 
mum of 2-3 weeks. They are then gradually tapered 
over subsequent months. The addition of other immu- 
nosuppressive agents may provide a synergistic effect, 
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and facilitate tapering of corticosteroids. In the dog, 
azathioprine is most commonly prescribed (2.2 mg/kg 
q24h for small- and medium-sized dogs, and 1.5 mg/ 
kg q24h for larger dogs). As azathioprine can lead to 
bone marrow suppression in some individuals, regular 
(every 2—4 weeks) monitoring of CBC is recommended 
in patients receiving azathioprine, especially if daily 
dosing is continued for a prolonged period. If the hae- 
matocrit decreases with tapering of the corticosteroid, 
other immunosuppressive agents can be substituted, 
such as cyclophosphamide (200 mg/m? divided over 
3—4 consecutive days weekly), ciclosporin (3-7 mg/kg 
q12h orally) or mycophenolate (10-15 mg/kg qi2h 
orally or i.v.). In feline patients that do not respond ad- 
equately to corticosteroids, or relapse with dose taper- 
ing, adjunctive therapy with ciclosporin is recommended 
(4-6 mg/kg q12h orally). Vincristine (0.025 mg/kg i.v. 
weekly) has also been described for this use. Azathio- 
prine should not be used in cats. 

The prognosis for animals with IMHA is variable. A 
poorer prognosis is associated with intravascular 
haemolysis, severe hyperbilirubinaemia and neo- 
plasia. Thromboembolic complications, particularly 
pulmonary thromboembolism, are relatively common. 
A small proportion of cases may have protracted dis- 
ease that precludes discontinuation of corticosteroids. 
Relapse is possible. 


Zinc toxicity 

Zinc toxicity should be considered in any patient that 
has acute haemolytic anaemia without autoagglutin- 
ation or morphological abnormalities on the blood 
smear (Figure 13.8). Ingestion of some coins (e.g. UK 
pound coins, US pennies), zinc nuts or bolts or topi- 
cal skin protectants can result in toxic concentrations 
of zinc, causing severe intravascular haemolysis and 
gastrointestinal irritation. Acute renal failure can re- 
sult from massive haemoglobinuria. A tentative diag- 
nosis is based on a history of exposure, and foreign 
objects in the gastrointestinal tract can often be dem- 
onstrated radiographically. Since the mere presence 
of metal-dense foreign bodies does not confirm zinc 
toxicity, diagnosis requires the presence of convincing 
Clinical signs or an elevated blood zinc concentration. 
Due to the high mortality associated with zinc toxicity, 
these patients constitute serious emergencies and 
treatment should not be delayed pending the results 
of zinc concentrations. 


Small erythrocytes that have sustained 

intravascular membrane damage may 
occasionally be mistaken for spherocytes, for example in 
this case of zinc intoxication. (Courtesy of Dr Patricia 
McManus, University of Pennsylvania) 
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Treatment of zinc toxicity begins with patient 
stabilization, followed by removal of the suspect object 
via endoscopy or laparotomy. Appropriate fluid therapy 
is given based on perfusion parameters and renal func- 
tion, and packed red blood cells should be transfused 
if necessary. Treatment with H,-receptor antagonists 
(cimetidine, famotidine) is recommended to decrease 
‘leaching’ of zinc from the source prior to removal. 
Chelation therapy with calcium ethylenediamine tetra- 
acetic acid (CaEDTA) should be initiated (25 mg/kg 
diluted in 5% dextrose, s.c. q6h). Since CaEDTA can 
be nephrotoxic, careful attention should be paid to 
dosing and adequate fluid therapy. The duration of che- 
lator therapy remains unclear, as serum zinc concen- 
trations may take 2-21 days to decline following 
removal of the object. Where feasible, the decision 
should be based on normalization of the serum zinc 
concentration. The prognosis for complete recovery is 
good with timely and aggressive intervention. 


Oxidative injury 

Oxidative injury causes denaturation of haemoglobin 
resulting in Heinz body formation, or oxidation of haem 
iron resulting in methaemoglobinaemia. Heinz bod- 
ies lead to altered erythrocyte deformability and short- 
ened survival. Heinz bodies usually appear within 24 
hours of exposure, with haemolysis occurring after 
several days. 

The most common cause of Heinz bodies in the dog 
is the ingestion of onions (raw, cooked or dehydrated). 
Haemolysis occurs approximately 5 days after inges- 
tion. Heinz bodies in the dog are usually small, occur 
in multiples and are readily identified with reticulocyte 
staining. When large they may be seen as clear 
‘blebs’ protruding from the cell surface. Eccentrocytes 
— erythrocytes with the haemoglobin displaced to one 
side and a clear zone on the other side — frequently 
accompany Heinz bodies in the dog (Figure 13.9). 


Eccentrocytes and Heinz bodies in a dog, 
: caused by the ingestion of onions. (Courtesy 


of Dr Patricia McManus, University of Pennsylvania) 


Feline haemoglobin is highly sensitive to oxidative 
denaturation, and Heinz body formation is common 
in the cat (up to 96% of erythrocytes in normal cats). 
Heinz bodies can accompany numerous feline primary 
diseases, including lymphoma, hyperthyroidism and 
diabetes mellitus. Commercial cat foods containing 
propylene glycol are associated with susceptibility to 
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oxidative injury, but do not generally cause clinical 
anaemia. A variety of other agents may induce Heinz 
body formation and severe anaemia in cats (see Fig- 
ure 13.3). Heinz bodies in the cat are usually single, 
may project from the membrane and are best visual- 
ized with one of the reticulocyte stains. Diagnosis of 
overt Heinz body anaemia requires visualization of 
relatively large Heinz bodies in many erythrocytes, 
with convincing evidence of haemolysis. 

Treatment of Heinz body anaemia includes re- 
moval of the causative toxin or treatment of the un- 
derlying disease, blood transfusion where indicated 
and supportive care. 


Erythroparasites 

Mycoplasma haemofelis (previously Haemobartonella 
felis) can cause acute anaemia, especially in cats with 
an underlying immunosuppressive infection such as 
FeLV or feline immunodeficiency virus (FIV). Diagno- 
sis requires identification of ring or rod forms of the 
organism on erythrocytes on blood smear examina- 
tion (Figure 13.10) or polymerase chain reaction (PCR) 
to confirm the presence of parasite DNA. Identification 
of the parasite may require examination of a smear on 
several consecutive days. Ring forms consist of a fine 
basophilic ring with a clear centre. Rod forms are ob- 
served on the periphery of the cell. Since the organ- 
isms are epicellular, they can be easily dislodged or 
washed off the cells in EDTA. Identification is thus best 
achieved by examination of a fresh blood smear. Pro- 
longed alcohol fixation decreases the displacement of 
organisms during staining. The disease is treated 
with tetracycline (20 mg/kg orally q8h) or doxycycline 
(5 mg/kg orally q12h) for 2-3 weeks. Concurrent corti- 
costeroid therapy has been advocated, since an 
immune-mediated process is likely. Supportive care and 
specific therapy for concurrent disease are intuitive. 


Mycoplasma haemofelis organisms in a cat 

(Diff-Quik®). Note the difference between the 
peripherally located M. haemofelis organisms and the 
larger, refractile, centrally located Howell-Jolly body in 
one cell. 


13.10 


Haemobartonella canis is rare, usually only occur- 
ring in splenectomized, severely debilitated or 
immunosuppressed dogs. Organisms are readily seen 
as chains across the surface of the red cell. Sphero- 
cytosis is common, indicating an immune-mediated 
pathophysiology. Treatment should consist of 
tetracyclines, using the same regimen as for the cat. 
Corticosteroids can be added to the regimen if re- 
sponse to antibiotics alone is inadequate. 


The tick-transmitted protozoans, Babesia canis and 
Babesia gibsoni, cause haemolytic anaemia in dogs. 
The clinical manifestations range from acute disease 
with severe intravascular haemolysis to subacute 
or chronic disease with mild or moderate anaemia. 
Immune-mediated haemolysis appears to occur 
frequently, and dependent on geographical location, 
concurrent infection with Ehrlichia canis is common. 
Complicated cases of babesiosis may manifest as DIC, 
respiratory distress syndrome or SIRS. Diagnosis of 
babesiosis requires identification of intra-erythrocytic 
pyriform bodies on blood smear examination (Figure 
13.11). Since parasitized erythrocytes tend to ‘sludge’ 
in the capillaries, diagnostic yield is best on an ear- 
stick blood smear. When infection is suspected, but 
organisms cannot be found, serological or PCR test- 
ing is indicated. Diagnostic work up should also include 
evaluation for IMHA and serological testing for 
ehrlichiosis. Treatment includes appropriate support- 
ive therapy and specific antiparasitic drugs, such as 
diminazene aceturate and imidocarb diproprionate. 
Tetracyclines have limited efficacy. 


Babesia canis piroplasms in a dog 
(Diff-Quik®). 


Congenital disorders 

Inherited enzyme deficiencies are rare, but may mimic 
IMHA. Phosphofructokinase (PFK) deficiency has 
been described in English Springer and American 
Cocker Spaniels. Chronic mild to moderate anaemia 
occurs, with superimposed episodes of intravascular 
haemolysis precipitated by vigorous exercise or pant- 
ing, due to the sensitivity of these erythrocytes to 
alkalaemia. These dogs present at a young age with 
acute intravascular haemolysis, a strong regenera- 
tive response and spontaneous recovery. If immuno- 
suppressive therapy is initiated, recovery may be 
erroneously ascribed to the drug. Diagnosis of PFK 
deficiency is made via enzyme assay performed by 
specialized laboratories. 

Pyruvate kinase (PK) deficiency has been de- 
scribed in Basenjis and Beagles. It is characterized 
by chronic severe haemolysis and moderate to se- 
vere anaemia, usually first recognized at 3-6 months 
of age. The haematocrit slowly declines over the 
following 1—3 years. Typically, the anaemia is initially 
highly regenerative, but terminal myelofibrosis may 
develop. Diagnosis is presumptive based on elimi- 
nation of other causes, and confirmed via enzyme 
assay by specialized laboratories. 
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Microangiopathy 

Microangiopathic haemolytic anaemia results from 
mechanical fragmentation of erythrocytes. Causes 
include splenic torsion, haemangiosarcoma, DIC and 
caval syndrome associated with heartworm disease. 
Erythrocyte fragmentation is recognized by finding 
schistocytes (sheared erythrocytes) on blood smear 
examination. Ordinarily, anaemia is subclinical, but in 
severe cases overt anaemia develops (e.g. in splenic 
torsion and caval syndrome). 


Decreased erythropoiesis 

Decreased erythropoiesis can be caused by extra- 
marrow or intra-marrow disease (see Figure 13.3). 
Anaemia is caused by extra-marrow disorders if a 
systemic disease selectively depresses erythro- 
poiesis. The anaemia is generally mild (haematocrit 
range 25-35% in dogs and 20-25% in cats) and 
because the anaemia develops slowly, clinical signs 
of the underlying disease usually predominate. Intra- 
marrow disease, such as myeloaplasia (aplastic 
anaemia), myelodysplasia, myeloproliferative dis- 
orders and myelofibrosis, results from injury to 
the stem cells and/or marrow microenvironment. 
Depending on the course of the disease, variable 
cytopenias are observed. Acute disease is usually 
characterized by granulocytopenia and thrombocyto- 
penia, with mild to non-existent anaemia. Chronic 
marrow disease is characterized by moderate to 
severe anaemia, with variable degrees of leucopenia 
and thrombocytopenia. 

Evaluation of patients with non-regenerative anae- 
mia includes investigation into possible drug expo- 
sure, a CBC to determine other blood cell counts, 
evaluation for systemic disease, serological testing 
for FeLV and FIV in the cat and for ehrlichiosis in the 
dog, and bone marrow examination. The bone 
marrow aspirate may reveal evidence of neoplasia or 
dysplasia, and allows estimation of cellularity. Immune- 
mediated non-regenerative anaemia, in which the cell 
targeted by the immune system is a red cell precur- 
sor, may also be identified on marrow examination. A 
core bone marrow biopsy, however, is required to 
determine fully the degree of cellularity or fibrosis, and 
to assess maturation sequences accurately. 

Treatment for non-regenerative anaemia depends 
on the cause, but may include blood transfusion and/ 
or the administration of colony stimulating factors. 


Bleeding disorders 


Bleeding disorders are classified as primary (platelet 
or vascular disorders) or secondary (coagulation fac- 
tor disorders). They can be inherited or acquired. 


Approach in the emergency situation 
Bleeding disorders should always be considered life 
threatening. Even the stable patient with a bleeding 
disorder can decompensate rapidly and without pre- 
emptive signs. Animals in haemorrhagic crisis usu- 
ally show typical signs of hypovolaemic shock. The 
rapid establishment of a diagnosis and institution of 
rational therapy can represent a major challenge. 
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Blood samples should be collected prior to initiat- 
ing therapy, and should include a minimum database, 
a blood smear, and EDTA and citrated plasma for later 
laboratory testing. The minimum database usually re- 
veals a decreased PCV and TP. In canine acute haem- 
orrhage, the PCV may be normal or elevated due to 
compensatory splenic contraction, but the TP may 
be low, reflecting blood loss. A blood smear should be 
examined, with emphasis on platelet numbers and 
morphology and the presence of schistocytes. Depend- 
ing on the findings in the individual patient, further test- 
ing may include a CBC, chemistry profile, screening 
coagulation tests, immune and/or serological testing. 

Stabilization of the bleeding patient requires con- 
trol of haemorrhage and blood volume replacement. 
The most life-threatening problem in these animals is 
shock, so initial therapy should involve aggressive fluid 
replacement (crystalloid with or without synthetic col- 
loids) until blood is available. There is no justification 
for withholding fluid therapy in the anaemic patient. 
Fluid therapy will not alter the absolute red cell mass, 
and hypoperfusion will only exacerbate tissue hypoxia. 

Animals should be kept quiet and unstressed, sub- 
cutaneous injections should be avoided and veni- 
punctures performed only when required for platelet 
enumeration. Following venipuncture, the site should 
be held off with firm manual pressure for 5 minutes. 
An intravenous catheter can usually be safely placed 
and used to collect all other blood samples (including 
regular PCV monitoring). Patients should be closely 
monitored for evidence of ongoing haemorrhage, in- 
cluding evaluation of perfusion, respiratory rate and 
effort, mucous membrane colour, neurological status 
and PCV/TP. 

Once the patient has been stabilized, three initial 
questions must be answered: 


* Is the bleeding due to local factors or does the 
animal have a generalized haemostatic 
abnormality? 

* If a systemic bleeding disorder does exist, what 
is the nature of the haemostatic defect? 

* Is the defect congenital or acquired? 


This is generally achieved based on the history, 
physical examination and screening laboratory tests. 


Pathophysiology 

Traditionally the haemostatic system has been divided 
into three major parts: primary haemostasis, second- 
ary haemostasis and fibrinolysis. Newer models of 
haemostasis have been proposed (Hoffman, 2003) 
that may provide a better model for the complex in- 
teraction between the components of the haemostatic 
system including the vascular endothelium. However, 
for the purpose of clinical patient evaluation the tradi- 
tional approach is adequate and is described below. 


Primary haemostasis 

Primary haemostasis involves interactions between 
the vessel wall and the platelets, terminating in the 
formation of a primary haemostatic plug, which con- 
stitutes a temporary seal over the injured vessel. At 
the site of vascular injury, platelets adhere to the sub- 
endothelial collagen, mediated by von Willebrand 
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factor (VWF) and membrane glycoproteins. Following 
adherence, the platelets undergo conformational 
changes and release bioactive substances that stimu- 
late platelet aggregation. These aggregated platelets 
constitute the primary haemostatic plug and expose 
platelet phospholipid (platelet factor 3) that plays an 
important role in secondary haemostasis. Defects in 
primary haemostasis may be due to platelet or vas- 
cular disorders. Platelet disorders can be quantitative 
(thrombocytopenia) or qualitative (thrombopathia). 
Vasculopathies may lead to excessive fragility or ab- 
normal interaction with platelets. 


Secondary haemostasis 

Secondary haemostasis involves the formation of 
fibrin by the sequential activation of the coagulation 
factors, in and around the primary haemostatic plug. 
All coagulation factors are produced in the liver, with 
the exception of factor VIII. Vitamin K is required for 
the activation of factors II, VII, IX and X, as well as 
protein C. Classically, two pathways of coagulation 
activation are recognized: an intrinsic and an extrin- 
sic pathway. The intrinsic pathway is surface-activated 
and operates strictly with components present in the 
blood, whereas the extrinsic pathway requires tissue 
factor for activation. These two pathways converge in 
a final common pathway of fibrin formation. Defects 
of secondary haemostasis may include quantitative 
or qualitative coagulation factor disorders. 


Fibrinolysis 

The fibrinolytic system consists of plasminogen and 
all substances that convert it to its active form, 
plasmin. Plasmin is responsible for dissolution of the 
fibrin clot. Dissolution of fibrinogen and fibrin results 
in the production of various fragments, or fibrin split/ 
degradation products (FSP/FDPs). These FSPs have 
anticoagulant activity by interfering with platelet func- 
tion and inhibiting thrombin. They are ultimately re- 
moved from the circulation by the liver (half-life 
approximately 9—12 hours). Excessive fibrinolysis and 
generation of FSPs can occur in conditions such as 
DIC and hepatic disease, and may contribute to a 
bleeding tendency. D-dimers represent the breakdown 
products of cross-linked fibrin and are a more spe- 
cific measure of active coagulation and fibrinolysis. 


Clinical and laboratory assessment 
Following initial stabilization, the first step is to deter- 
mine whether the haemorrhage is due to a systemic 
bleeding disorder. A bleeding disorder must then be 
categorized as a defect of primary or secondary hae- 
mostasis. The history and physical examination often 
provide important clues, but definitive classification 
requires laboratory testing. 


History 

A detailed history is vital. Severe inherited disorders 
are generally apparent within the first 6 months of life. 
Milder forms may not be diagnosed until surgery, 
trauma or concurrent disease precipitate excessive 
bleeding. Certain inherited disorders are breed- 
related, for example von Willebrand's disease (vWD) 
in the Dobermann. It is important to ascertain whether 


previous bleeding episodes have occurred in the 
patient, or in family members. The history should in- 
clude detailed enquiries about previous illnesses and 
medications. Live-virus vaccines and certain drugs 
may cause thrombocytopenia 3-10 days post- 
treatment. Specific enquiries about the environment 
and patient behaviour may reveal the potential of 
exposure to toxins or trauma. Some animals with 
bleeding disorders are presented for apparently un- 
related disease; for example, shifting leg lameness 
may result from recurrent haemarthrosis, and acute 
blindness may be due to hyphaema. 


Physical examination 

Evaluation of the distribution, extent and nature of 
current haemorrhage requires careful examination of 
all body systems, including the skin, mucous mem- 
branes, eyes and joints, as well as the urine and 
faeces. The nature of the haemorrhage helps to 
characterize the haemostatic defect (Figure 13.12). 
Defects of primary haemostasis are characterized by 
petechiation/ecchymosis and spontaneous bleeding 
from mucosal surfaces, including epistaxis, gingival 
bleeding, haematuria, melaena and ocular haemor- 
rhage. Platelet and vascular abnormalities generally 
cannot be distinguished from each other on physical 
examination alone. Defects of secondary haemosta- 
sis are usually characterized by single/multiple hae- 
matomas and bleeding into subcutaneous tissue, body 
cavities, muscles or joints. Some acquired abnormali- 
ties, such as DIC, defy this classification because 
multiple haemostatic defects are present. Likewise, 
vWD usually has the characteristics of a primary 


Petechiae common 

Haematomas rare 

Bleeding often involves mucous membranes 
Bleeding usually at multiple sites 

Prolonged and repeated bleeding from cuts (rebleed) 
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haemostatic defect, but in its most severe form may 
mimic a secondary haemostatic disorder. 

The physical examination should also aim to iden- 
tify any evidence of concurrent disease, such as neo- 
plasia, infectious or immune-mediated disease. This 
requires examination for masses, organomegaly, lym- 
phadenopathy, uveitis, chorioretinitis, mucocutaneous 
lesions and arthropathy. 


Screening coagulation tests 

Laboratory tests are essential to confirm and charac- 
terize the haemostatic defect (Figures 13.13 and 
13.14). These tests should be performed and inter- 
preted carefully, together with the clinical findings. 
Blood samples should be collected via atraumatic 
venipuncture prior to the initiation of therapy. The jugu- 
lar vein should be avoided where possible in patients 
with a suspected coagulation disorder as application 
of sufficient pressure to stop bleeding may be diffi- 
cult. The common screening tests are discussed be- 
low; for normal values see Figure 13.15. 


Platelet enumeration/estimation: Quantitative platelet 
disorders are detected via a platelet count. This should 
be performed in all patients with a suspected bleeding 
disorder. Samples for platelet counting should be col- 
lected (via rapid and clean venipuncture) in EDTA and 
analysed within 12 hours of collection, either manually 
(by haemocytometer) or by an automated cell counter. 
Both techniques are reliable for canine blood. In cats 
there is considerable overlap between erythrocyte and 
platelet volumes, resulting in erroneous results from 
automated cell counters. Feline platelets should there- 
fore be enumerated manually. 


Petechiae rare 

Haematomas common 

Bleeding into muscles and joints common 
Bleeding frequently localized 
Bleeding may be delayed in onset 


(13.12) Clinical features helpful in differentiating between primary and secondary haemostatic abnormalities. 


clotting time (ACT) * 
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Fibrin split products (FSPs) ° 
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Platelet numbers and function, vascular integrity 
Intrinsic and common pathways: factors XII, XI, IX, VIII, X, V, II and fibrinogen — 
As with ACT, but more sensitive 
Extrinsic and common pathways: factors Ill, VII, X, V, II and fibrinogen 
Terminal common pathway: fibrinogen quantity and quality 
Products of fibrinolysis 
Products of fibrinolysis, specific for lysis of cross-linked fibrin 


ED Screening tests for the evaluation of haemostasis (*in-house tests; ° in-house testing options available). 
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EXTRINSIC 
PATHWAY 


Factor Ill 


INTRINSIC 
PATHWAY 


Factor XII 
Factor XI 
Factor IX 
Factor VIII 


Factor VII 


COMMON 
PATHWAY 


Factor X 
Factor V 
Prothrombin 
Fibrinogen 


ED Factors evaluated with the screening 
coagulation tests (ACT, activated clotting time; 


PTT, partial thromboplastin time; PT, prothrombin time; 
TT, thrombin time). 


(13.15 | Normal values for screening coagulation tests 
Normal values for prothrombin time and partial 
thromboplastin time are laboratory and technique 
dependent. Normal values for in-house coagulometers 
are provided by the manufacturer. 


Examination of a blood smear allows rapid esti- 
mation of platelet numbers. This is essential in the 
emergency setting where automated counts may not 
be available, and in cats where automated counts are 
usually inaccurate. Smear examination also serves 
to verify the findings of automated counters. Approxi- 
mately 11-25 platelets per high-power field (hpf) is 
considered normal, although individuals of some 
breeds (notably Cavalier King Charles Spaniels and 
Greyhounds) normally have a lower number of larger 
platelets. Spontaneous bleeding may occur when the 
platelet count is lower than 3—4/hpf. Platelet clump- 
ing at the feathered edge of the smear may result in 
artefactually low estimates and counts. Large plate- 
lets (macroplatelets or ‘shift’ platelets) generally indi- 
cate megakaryocytic hyperplasia (a regenerative 
response). The blood smear should be examined for 
schistocytes (fragmented erythrocytes), which suggest 
microangiopathic haemolysis and DIC. 


Bleeding time: The bleeding time is the duration of 
haemorrhage resulting from infliction of a small stand- 
ardized injury involving microscopic vessels. The buc- 
cal mucosal bleeding time (BMBT) is considered the 
most reliable and reproducible method. Cats usually 
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require light sedation. The patient is restrained in lat- 
eral recumbency and a strip of gauze is tied around 
the maxilla to fold up the upper lip, tightly enough to 
cause moderate mucosal engorgement. A two-blade, 
spring-loaded device is used to make two 1 mm deep 
incisions in the mucosa of the upper lip. The incisions 
should be made at a site devoid of visible vessels 
and inclined so that the blood flows towards the mouth. 
Shed blood is carefully blotted with filter paper, taking 
extreme care not to disturb the incision sites. The time 
from incision to cessation of bleeding is measured. 
The cuticle bleeding time — the duration of bleeding 
after the tip of the dermis of the nail has been sev- 
ered by a guillotine-type nail clipper — is far less reli- 
able and reproducible. 

The bleeding time reflects in vivo primary haemo- 
stasis. It may be prolonged by thrombocytopenia, 
thrombopathia or vascular anomalies and its meas- 
urement is indicated in patients with a suspected pri- 
mary haemostatic defect when the platelet count is 
adequate. This test is unnecessary if the patient is 
thrombocytopenic. 


Activated clotting time: The activated clotting time 
(ACT) is a simple screening test for the intrinsic and 
common pathways. Blood (2 ml) is drawn into a pre- 
warmed (37°C) commercial tube containing 
diatomaceous (Fuller's) earth, which serves as a 
chemical activator of factor XII. The first few drops of 
blood are discarded because of the possible presence 
of tissue factor. The sample is mixed by inversion and 
then placed into a 37°C heat block or water bath for 
50 seconds. It is inverted every 10 seconds, observed 
for clot formation and replaced. The ACT is the time 
interval to first clot formation. It is prolonged by se- 
vere abnormalities of the intrinsic and/or common 
pathways. It is a relatively insensitive, but easily per- 
formed, test. Severe thrombocytopenia (<10 x 10°/I) 
causes mild prolongation of the ACT (10-20 seconds). 
Similarly, hypofibrinogenaemia and some thrombo- 
pathias may result in ACT prolongation. 


Partial thromboplastin time: The partial thrombo- 
plastin time (PTT) tests the intrinsic and common path- 
ways. Usually, at least one factor must be decreased 
to below 30% of normal concentration before prolon- 
gation occurs. This test is more sensitive than the ACT 
and is not affected by primary haemostatic disorders. 
Samples for coagulation testing should be collected 
into plastic or siliconized glass tubes with 3.8% citrate 
as an anticoagulant at a ratio of 1:9 with the blood 
sample. If samples cannot be analysed within 12 
hours, the plasma should be separated and frozen. 
Factor deficiencies may be differentiated from the ef- 
fects of an anticoagulant, such as heparin, by repeat- 
ing the PTT following dilution of the abnormal plasma 
1:1 with normal plasma. Correction of the test indi- 
cates a factor deficiency, whereas failure to correct 
suggests the presence of an anticoagulant. 

A patient-side coagulometer (e.g. SCA 2000") is an 
alternative to conventional laboratory PTT determina- 
tion in the emergency setting. While the methodology 
allows for testing of both whole blood with no anticoagu- 
lant and citrated blood, the latter is preferable with re- 
spect to sensitivity and specificity. Using citrated whole 


blood, reported sensitivity for diagnosis of PTT prolon- 
gation is 100%, with a specificity of approximately 83% 
(Tseng et al., 2001). As such, it is an excellent screen- 
ing test for abnormalities of the intrinsic and common 
pathways. False-positives, however, do occur. A pro- 
longed PTT on the SCA should, therefore, be validated 
via conventional laboratory testing. For whole blood 
with no anticoagulant, reported sensitivity and specificity 
are 86.7% and 88.9%, respectively (Tseng et al., 2001). 


Prothrombin time: The prothrombin time (PT) tests 
the extrinsic and the common pathways. As such, itis 
the principal test of the extrinsic pathway. Because of 
the short half-life of factor VII, this test is very sensi- 
tive to vitamin K deficiency or antagonism. It is less 
sensitive to heparin than is the PTT. Sample collec- 
tion and handling are as for the PTT. 

As with PTT testing, a patient-side coagulometer 
(e.g. SCA 2000") is an alternative to conventional lab- 
oratory testing. Using citrated whole blood, reported 
sensitivity and specificity for diagnosis of PT prolon- 
gation are 85.7% and 95.5%, respectively. That is, 
the test will not detect all anomalies of the extrinsic 
system, and a small number of false-positives occur. 
Abnormal results that do not correlate with clinical find- 
ings should be verified via conventional testing. 
Using blood with no anticoagulant, sensitivities are 
similar, but the test is significantly less specific. 


Thrombin time: The thrombin time (TT) determines 
the reactivity of fibrinogen to exogenous thrombin. It 
assesses the conversion of fibrinogen to fibrin (the 
common pathway) and bypasses all other steps. It 
may be prolonged by hypofibrinogenaemia (<1 g/l), 
by dysfibrinogenaemia or by substances that inhibit 
thrombin, such as heparin or FSPs. Sample collec- 
tion and handling are as for the PT and PTT. 


Fibrin split products/fibrin degradation products: 


FSPs are the end products of fibrinolysis, and are gen- 
erated when fibrinogen, soluble fibrin or cross-linked 
fibrin is lysed. They are commonly quantified via a 
commercial kit. Elevated concentrations of FSPs im- 
ply increased fibrinolysis, commonly due to DIC, but 
are not specific for the syndrome. Hepatic disease 
may also result in enhanced fibrinolysis and reduced 
clearance of FSPs. False elevations occur when fi- 
brinogen is not clotted by thrombin and remains in 
solution, for example in patients on heparin therapy 
or those with dysfibrinogenaemia. 


D-dimers: D-dimers are unique FSPs that are formed 
when cross-linked fibrin is lysed by plasmin. In con- 
trast to FSPs, which indicate only the activation of 
plasmin, D-dimers indicate the activation of thrombin 
and plasmin, and are specific for active coagulation 
and fibrinolysis. 

D-dimers are a sensitive test for DIC and are prob- 
ably superior to traditional FSP assays for this pur- 
pose. However, they are not always elevated in 
patients with DIC, and elevated D-dimers are certainly 
not specific for DIC. They should be considered an 
ancillary diagnostic test, with the diagnosis of DIC 
relying on the appropriate constellation of clinical find- 
ings and abnormal results of haemostatis testing. 
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Disorders of primary haemostasis 

The causes of primary haemostatic disorders are listed 
in Figure 13.16. An algorithmic diagnostic approach 
to patients with disorders of primary haemostasis is 
outlined in Figure 13.17. 


ED Causes of disorders of primary haemostasis. 
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Suspect disorder of primary haemostasis 


Consider: 
DIC, hepatic disease, 
heparin, rodenticide toxicity 
or severe factor deficiency 


Decreased 
megakaryocytes 
Drug history/ 
myelophthiste? 


Evidence for DIC? 

-= schistocytes on blood smear 
-u ing disease 
Evidence for liver disease? 
-— chemistries, function tests 
Fibrinogen, AT levels 


Immune-mediated 
disease 


(13.17 | Approach to the diagnosis of disorders of primary haemostasis (DIC, disseminated intravascular coagulation; 
AT, antithrombin; vWF, von Willebrand factor). 


Thrombocytopenia 

Thrombocytopenia is the most common primary hae- 
mostatic defect and may be due to decreased plate- 
let production or increased destruction, consumption 
or sequestration. Spontaneous bleeding generally 
does not occur until platelet counts are lower than 
approximately 40 x 10°*/l, unless another concomitant 
bleeding disorder exists. Many animals tolerate lower 
counts without evidence of haemorrhage. 

The secondary haemostatic mechanisms should 
be evaluated in all thrombocytopenic animals to ex- 
clude DIC or other combined defects, which are con- 
sistent with consumption or sequestration. If these are 
normal, a bone marrow aspirate or biopsy is indicated 
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Exclude causes of 
sequestration 
(splenic diseases) 


Platelet count (smear/absolute) 


Disorder of 
platelet function 
or vasculature 


Exclude acquired 
thrombopathias 


Drug history 
“GBC 
Chemistries 


Radiology 


Increased 
megakaryocytes 


Serology 
Immune testing 


Evidence ol 


infection 


vWF assay 
Platelet function 
tests 


Pursue 
concomitant 
autoimmune disease/ 
underlying cause 


to evaluate platelet production. A CBC may show 
evidence of other cytopenias. Megakaryocytic hypo- 
plasia can result from numerous conditions. In the 
absence of a compatible drug history or evidence of 
myelophthisis on bone marrow examination, further 
testing should include investigation into potential 
neoplastic, infectious or immune-mediated aetiologies. 
Oestrogen-secreting tumours, chronic rickettsial dis- 
ease (Ehrlichia canis) and viral infections such as 
FeLV and FIV should be considered where appropri- 
ate. Immune-mediated megakaryocytic hypoplasia 
can present a diagnostic dilemma, which is usually 
resolved by exclusion of other differentials and evalu- 
ation of the response to immunosuppressive therapy. 


Normal or increased numbers of megakaryocytes 
in thrombocytopenic patients indicate increased plate- 
let destruction, consumption or sequestration. Some 
common causes of platelet consumption and seques- 
tration include DIC, sepsis, vasculitis and splenic 
torsion, which can usually be excluded based on 
clinical findings. As a general rule, most causes of 
consumptive thrombocytopenia lead to a mild or mod- 
erate decrease in circulating platelet numbers. 
Splenic torsion is an exception, occasionally caus- 
ing a severely decreased platelet count. DIC may 
also occasionally result in profound thrombocyto- 
penia, but is then associated with concomitant 
anomalies in secondary haemostasis. 

Immune-mediated thrombocytopenia (IMTP) is a 
common cause of severe thrombocytopenia in the dog. 
Diagnosis of IMTP is based on exclusion of other 
causes of thrombocytopenia. Tick-borne diseases may 
be diagnosed by examination of an ear-stick blood 
smear (E. canis morulae or Babesia canis trophozoites) 
or serologically (ehrlichiosis, Rocky Mountain spotted 
fever). Anegative titre, however, does not exclude tick- 
borne disease and should be repeated in 10—14 days. 
IMTP may be idiopathic, may be associated with other 
autoimmune processes, such as IMHA or SLE, or may 
develop secondary to drug administration (notably sul- 
phonamides), live-virus vaccination, neoplasia (espe- 
cially lymphoid) and infection. Suspicion of IMTP should 
prompt a thorough search for underlying disease. In 
addition to a CBC, chemistry and urinalysis, diagnos- 
tic testing could include radiology/ultrasonography, a 
direct Coombs' test, an antinuclear antibody (ANA) 
test, Baermann faecal examination for Angiostrongy- 
lus vasorum and serology for tick-borne diseases 
and occult dirofilariasis. 

Management of IMTP includes treatment of any 
underlying cause, adequate immunosuppression and 
appropriate supportive care. Glucocorticoids are the 
backbone of immunosuppressive therapy: either 
prednisolone (1-2 mg/kg q12h for animals <10 kg 
and 15 mg/m? q12h for animals >10 kg) or dexam- 
ethasone (0.1—0.2 mg/kg i.v. qi2h). The use of gas- 
trointestinal protectants (H,-antagonists and/or 
sucralfate) is recommended. When tick-borne dis- 
ease is possible, doxycycline should be administered 
(10 mg/kg q24h orally or i.v.). Response to gluco- 
corticoid therapy generally requires 2-7 days. Vinc- 
ristine (0.01-0.025 mg/kg i.v.) has been advocated 
in dogs with IMTP and megakaryocytic hyperplasia 
to cause a more rapid increase in platelet numbers. 
Improved responses have been documented in dogs 
using vincristine, compared with prednisolone alone, 
but are not universal. Anecdotal reports of rapid 
responses to human intravenous immunoglobulin 
(0.5-1.5 g/kg as a single infusion) have been de- 
scribed in dogs and a cat. Several aspects of this drug 
make its use in IMTP very appealing. Responses 
appear to be rapid (1-2 days) thus decreasing the 
potential for fatal haemorrhage. It can be administered 
together with other immunosuppressive drugs, and 
has not been associated with adverse effects. The 
drug is expensive, however, and veterinary experi- 
ence is limited. It is difficult, therefore, to give evi- 
dence-based recommendations for its use. 
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Thrombocytopenic patients can deteriorate rapidly 
due to massive haemorrhage (most commonly in the 
gastrointestinal tract) or due to haemorrhage into a 
vital organ (e.g. lungs or brain). Patients should be 
hospitalized until platelet counts are above 50 x 10% 
and bleeding has ceased. Thereafter, platelet counts 
should be regularly monitored. When these are within 
the reference range, the prednisolone dose is de- 
creased by approximately 25%. The dose is then 
decreased gradually over 3-6 months, with close 
monitoring of platelet counts. 

Relapses of thrombocytopenia with decrease of 
the prednisolone dose are unpredictable and not un- 
common. Periodic monitoring of the platelet count is 
therefore essential. If relapse occurs, the prednisolone 
dose should be increased temporarily and another 
immunosuppressive drug added to the therapeutic 
regimen. Options in the dog include: azathioprine (2.2 
mg/kg/day orally); ciclosporin (3-7 mg/kg q12h in 
dogs); mycophenolate (10-15 mg/kg qi2h); cyclo- 
phosphamide (200 mg/m* weekly, divided over 3-4 
days); or danazol (5 mg/kg orally qi2h). Ciclosporin 
is used in the cat (4—6 mg/kg q12h). Splenectomy is 
generally reserved for patients that have splenom- 
egaly and exhibit refractory IMTP. Prior to splenec- 
tomy, it is crucial to ascertain (via bone marrow 
examination) that the spleen is not a significant source 
of extramedullary haemopoiesis. 


Thrombopathia 
Vascular disorders are a relatively uncommon cause 
of bleeding. In patients with clinical evidence of a pri- 
mary haemostatic disorder and normal platelet num- 
bers, a platelet function defect is likely. A prolonged 
bleeding time in a patient with adequate platelet num- 
bers generally confirms thrombopathia. The patient's 
drug history should be carefully appraised, as drugs 
are frequent causes of thrombopathia. Numerous dis- 
eases can precipitate platelet dysfunction, including 
uraemia, hepatic disease, pancreatitis, myeloprolifera- 
tive disorders and myeloma. If no obvious cause of 
thrombopathia can be found, a hereditary disorder is 
suspected. Von Willebrand's disease is the most com- 
mon. von Willebrand factor can be assayed for confir- 
mation. Other thrombopathias require specific platelet 
function testing, performed by specialized laboratories. 
Control of haemorrhage in a dog with vWD includes 
administration of von Willebrand factor (vWF) in 
plasma products, and desmopressin acetate 
(DDAVP). Cryoprecipitate is the ideal plasma prod- 
uct, as it contains relatively large quantities of vWF. If 
this is not available, fresh frozen plasma may be used. 
DDAVP (1 ug/kg s.c.) may have a positive clinical 
effect, but a limited duration of action. It can be 
administered during a bleeding crisis or 20-30 min- 
utes prior to an anticipated trauma such as surgery. 
Efficacy can be determined by repeating the BMBT 
30-60 minutes after administration. 


Disorders of secondary haemostasis 
Figure 13.18 lists the causes of disorders of second- 
ary haemostasis (coagulopathies) in small animals. 
Figure 13.19 outlines an algorithmic approach to 
these patients. 
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Inherited 
Deficient factor: 
|: Hypo/dysfibrinogenaemia (St Bernard, Borzoi) 
Il: Hypoprothrombinaemia (Boxer) 
VII: Hypoproconvertinaemia (Beagle, Malamute) 
Vill: Haemophilia A (numerous dog breeds, mongrels, cats) 
1X: Haemophilia B (numerous dog breeds, British Shorthair 
cats) 
X: Stuart Prower trait (Cocker Spaniel) 
XI: Plasma thromboplastin antecedent deficiency (Springer 
Spaniel, Great Pyrenees) 
XII: Hageman factor deficiency (numerous dog breeds, cats) 


Acquired 

Vitamin K deficiency/antagonism 
Hepatic disease 

Disseminated intravascular coagulation 
Circulating anticoagulants (e.g. heparin) 


Causes of disorders of secondary 
haemostasis. 


Defects of secondary haemostasis may be heredi- 
tary or acquired. Hereditary coagulopathies are quan- 
titative disorders of specific coagulation factors, usually 
noted in purebred dogs. Acquired disorders include 
vitamin K deficiency or antagonism, hepatic disease, 
DIC and the presence of anticoagulants (e.g. heparin). 
These conditions tend to affect multiple factors in both 
the intrinsic and extrinsic pathways. Factor VII has 
the shortest half-life (4—6 hours) so prolongation of the 
PT may precede PTT prolongation in early vitamin K 
deficiency or early acute hepatic failure. Conversely, 
the PTT alone may be prolonged with chronic hepatic 
disease, DIC or heparin therapy. 


Anticoagulant rodenticide toxicity 

The most common cause of vitamin K deficiency is 
the ingestion of anticoagulant rodenticides. Synthe- 
sis of vitamin K-dependent factors occurs in the liver. 
Vitamin K is an essential cofactor for carboxylation of 
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these proteins, rendering them functional. During this 
reaction, vitamin K is converted to an epoxide 
metabolite, which is recycled back to vitamin K. Anti- 
coagulant rodenticides interfere with this recycling, 
resulting in rapid depletion of vitamin K and subse- 
quent inability to produce functional clotting factors. 

Clinical signs of a secondary haemostatic disor- 
der generally occur 2-3 days following ingestion. Pro- 
longation of the PT occurs first, but by the time 
haemorrhage is evident, the PT, PTT and ACT are 
usually all prolonged. FSP, D-dimer and fibrinogen 
concentrations are generally normal. The platelet 
count is usually normal, but may be decreased by con- 
sumption during bleeding. Toxicological testing for 
specific rodenticides or for proteins induced by vita- 
min K antagonism (PIVKA) is not usually helpful in 
the emergency situation, but may serve to confirm an 
uncertain diagnosis. 

Vitamin K1 is essential to management. Improved 
coagulation, however, requires the synthesis of new 
factors, which commonly takes up to 12 hours. Emer- 
gency needs for clotting factors can be met only by 
transfusion of plasma (recommended dose 9 mi/kg). 
Fresh whole blood (20 ml/kg), or packed red blood 
cells with plasma, are indicated when anaemia is 
present. The half-life of transfused clotting factors is 
relatively short, thus plasma transfusion should be 
repeated after approximately 6 hours. Parenteral ad- 
ministration of vitamin K1 (5 mg/kg q12h) is recom- 
mended for initial therapy, ideally subcutaneously or 
intramuscularly using a small-gauge needle. The intra- 
venous route should be avoided, due to the potential 
for anaphylaxis. After 24 hours, if the patient is not 
vomiting, vitamin K1 therapy is administered orally 
(0.25-2.5 mg/kg daily in warfarin exposure, 2.5-5.0 
mg/kg for long-acting rodenticides). 

Vitamin K1 has no effect on toxin elimination. 
Therapy must be maintained until the toxin has been 
metabolized, with varying durations depending on the 
type of rodenticide. If the anticoagulant is known to be 
warfarin, 1 week of therapy is usually sufficient. If the 
anticoagulant is unknown or a second-generation 
rodenticide, oral vitamin K1 should be continued for at 
least 3-4 weeks. The PT must be evaluated 48-72 
hours after cessation of therapy. If it is prolonged, 
therapy should be reinstituted for an additional 2 weeks 
and the PT again re-evaluated after discontinuation. 


Hepatic disease 

Severe hepatocellular damage results in variable fac- 
tor deficiencies and/or abnormalities in vitamin K me- 
tabolism. Both quantitative and qualitative platelet 
disorders may occur. FSPs and D-dimers may be 
elevated, and antithrombin and fibrinogen concen- 
trations may be reduced. Excessive fibrinolysis can 
result from reduced clearance of plasminogen activa- 
tors and reduced synthesis of fibrinolytic inhibitors. Dif- 
ferentiation from DIC is sometimes impossible based 
on coagulation testing alone, and depends on clinical 
findings, serum chemistry and liver function testing. 
Patients with hepatic failure frequently have gastrointes- 
tinal bleeding, resulting in a ‘protein meal’ that may pre- 
cipitate hepatic encephalopathy. Bleeding tendencies 
must be corrected before pursuing a hepatic biopsy or 
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other invasive procedures. Transfusion of fresh frozen 
plasma can temporarily offset factor deficiencies. Vita- 
min K1 may be beneficial in some patients; efficacy 
should be ascertained by repeating coagulation tests 
at least 12 hours after initiating therapy. 


Disseminated intravascular coagulation 

DIC refers to the intravascular activation of haemo- 
stasis with resultant microcirculatory thrombosis. Ex- 
aggerated consumption of platelets and coagulation 
factors results in defective haemostasis and a bleed- 
ing tendency. Fibrinolysis of microthrombi generates 
FSPs, further exacerbating the bleeding disorder. 
Consumption of the natural anticoagulants can pre- 
cipitate a thrombotic tendency. 

DIC occurs secondary to a wide variety of under- 
lying diseases, including sepsis, severe infections (vi- 
ral, bacterial, parasitic and protozoal), neoplasia, 
shock, heat stroke, haemolysis, pancreatitis, severe 
hepatic disease, trauma and tissue necrosis. Three 
basic ‘trigger’ mechanisms have been proposed: 


* Activation of the extrinsic coagulation pathway 
by tissue factor released during cell injury 

* Contact activation of the intrinsic coagulation 
pathway via endothelial damage and exposure 
of the subendothelial matrix 

* Direct activation of coagulation factors by certain 
enzymes (for example, trypsin in pancreatitis). 


Numerous factors can act as ‘enhancers’ of DIC. 
Acidosis and hypoxia increase endothelial damage and 
inhibit antithrombin. Vascular stasis decreases the re- 
moval of activated coagulation factors and exacerbates 
local acidosis and hypoxia. The functional capacity of 
the mononuclear phagocytic system and the liver may 
be overwhelmed, hindering the removal of endotoxins, 
FSPs, enzymes and immune complexes. 

The clinical manifestations of DIC vary depending 
on the inciting cause, the ability to replace depleted 
factors and platelets, the concentrations of natural 
anticoagulants and the efficacy of clearance of acti- 
vated factors and FSPs. DIC may be subclinical, mild 
or severe, and acute or chronic. It may manifest as 
multiple organ failure due to microvascular thrombo- 
sis or as bleeding due to consumption of coagulation 
factors and platelets. Microthrombosis leads to ischae- 
mia, which can manifest as renal failure, respiratory 
insufficiency, hepatic failure, neurological signs or 
gastrointestinal disorders. Bleeding tendencies may 
manifest as prolonged bleeding from venipuncture 
sites, petechiae, ecchymoses, epistaxis, gastrointes- 
tinal haemorrhage and/or haematoma formation. 

The diagnosis of acute fulminant DIC is usually 
easily made, while chronic or subclinical DIC may 
prove more difficult. The laboratory findings are ex- 
tremely variable. Thrombocytopenia is almost invari- 
ably present but may be mild. Relative changes may 
be undetected unless a recent platelet count is avail- 
able for comparison. The PT, and more often the PTT, 
may be prolonged, but both may be normal if com- 
pensatory factor production is adequate. Significant 
elevations of FSPs or D-dimers are highly sugges- 
tive of DIC, but are non-specific. Schistocytes on the 
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blood smear are significant, but are not invariably 
present and may occur with other conditions. Anti- 
thrombin levels are decreased in 85% of dogs with 
DIC. Fibrinogen concentrations are usually low, but 
may be normal or increased because fibrinogen is 
an acute phase reactant. Diagnosis of DIC, there- 
fore, requires careful consideration of both the clini- 
cal and the laboratory findings, with no single finding 
being pathognomonic. 
The treatment of DIC is fourfold: 


Correction of the underlying cause 
Optimization of perfusion via fluid therapy 
Prevention of secondary complications 
Control of the haemostatic defects. 


Correction of the underlying cause must be the 
primary focus because, until it is removed, haemo- 
static activation will continue. In some cases, removal 
of the inciting cause is impossible or unfeasible. Fluid 
therapy is essential to remove activated clotting and 
fibrinolytic factors from the microcirculation and to 
maintain adequate tissue perfusion, thereby alleviat- 
ing vascular stasis, tissue hypoxia and acidosis. The 
prevention or control of secondary complications 
includes: correction of acid—base and electrolyte dis- 
orders; supplemental oxygen therapy where indicated; 
maintenance of adequate perfusion to prevent renal 
and gastrointestinal ischaemia; and the prevention of 
secondary sepsis. 

Control of the haemostatic defects of DIC can be 
attempted via blood product transfusion and heparini- 
zation. Plasma administration provides antithrombin 
and replaces depleted coagulation factors. If the 
patient is actively bleeding, fresh whole blood can 
replace red blood cells, coagulation factors and plate- 
lets. The adage that the administration of blood prod- 
ucts to a patient in DIC ‘adds fuel to the fire’ has not 
proven to be true. In fact, experimental studies have 
shown that the administration of antithrombin is an 
effective therapy. The use of heparin in the treatment 
of DIC remains somewhat controversial. In theory, 
heparin acts to inhibit coagulation, thereby decreas- 
ing the rate of consumption of coagulation factors. The 
primary mechanism of action of heparin is via 
potentiation of antithrombin activity, thus inhibiting the 
activity of thrombin and other factors. Therefore, 
heparin is not effective unless adequate concentra- 
tions of antithrombin are present. The optimal dose 
of heparin is unclear, and most recommended doses 
are anecdotal. In mild cases of DIC, mini- or low-dose 
unfractionated heparin (5—10 or 75-200 IU/kg s.c. q8h) 
is generally recommended. In moderate to severe 
cases, intermediate or high doses (300-500 or 750- 
1000 IU/kg s.c. q8h) may be necessary. 

Monitoring of patients on heparin therapy is diffi- 
cult. When unfractionated heparin is used, ideally the 
PTT should not exceed 1.5-2 times the pre-treatment 
value. The PTT indicates the risk of haemorrhage and 
not the adequacy of anticoagulation. The PTT, there- 
fore, may be normal in an adequately heparinized 
patient. It may be impossible to ascertain whether in- 
creased PT/PTT is due to heparinization or to changes 
in the basal coagulation status. 


Hypercoagulation and thrombosis 


Thrombosis is the deposition of a thrombus within the 
vasculature, resulting in tissue ischaemia. Fragmen- 
tation of the thrombus produces emboli that can ob- 
struct remote sites. The term thromboembolism (TE) 
is used inclusively to refer to thrombosis and/or em- 
bolism. TE can be characterized as arterial (aortic, 
cerebral, myocardial) or venous (pulmonary, portal, 
vena caval). Hypercoagulability or thrombophilia is the 
propensity for thrombosis. 


Pathophysiology 

Thrombosis depends on three major risk factors (Vir- 
chow’s triad): changes in the vessel wall (vascular in- 
jury); impairment of blood flow (stasis); and alterations 
in blood constituents to promote coagulation (hyper- 
coagulability). Vascular injury leads to the exposure of 
subendothelial components, resulting in platelet 
adhesion and activation of the coagulation system. Fac- 
tors resulting in vascular injury include trauma, cath- 
eterization, inflammation, neoplastic invasion, parasitic 
damage and plaque deposition (atherosclerosis, amy- 
loidosis). Vascular stasis retards the removal of acti- 
vated coagulation factors and causes local hypoxia and 
vascular injury. Stasis results from hypovolaemia, 
shock, cardiac insufficiency, blood vessel compression, 
immobility and hyperviscosity. True hypercoagulability 
refers to a change in the coagulation system that can 
be caused by: platelet hyperaggregability; excessive 
activation or decreased removal of coagulation factors; 
deficiencies of natural anticoagulants (antithrombin, 
protein C); or defective fibrinolysis. 

Hyperaggregability of platelets increases throm- 
botic risk. Platelet aggregation is controlled by the in- 
teraction between platelets and the vascular 
endothelium. Platelets produce and release various 
pro-aggregating substances (including thromboxane 
A, and adenosine diphosphate), while the endothe- 
lium releases several inhibitors of platelet aggrega- 
tion, notably prostacyclin. Disturbance in this balance 
can promote thrombosis. There is no correlation 
between thrombocytosis and hypercoagulation. 

The coagulation system is finely regulated by three 
principal mechanisms: antithrombin; protein C; and 
the fibrinolytic system. These mechanisms operate to 
prevent thrombus formation in normal circumstances, 
and to limit and localize the formation of the haemo- 
static plug. If one or more of these mechanisms fail, 
thrombosis is favoured. 

Antithrombin is synthesized primarily in the liver. It 
binds to and neutralizes thrombin (factor Ila) and fac- 
tors IXa, Xa, Xla and XIla. The rate of neutralization is 
markedly increased by heparin. Antithrombin deficiency 
may result from decreased production, increased loss 
or consumption. Decreased production of antithrombin 
can occur with hepatic failure, but thrombosis gener- 
ally does not result because coexisting factor deficien- 
cies favour haemorrhage. A similar situation occurs 
with protein-losing enteropathies. In contrast, protein- 
losing nephropathies permit selective loss of smaller 
plasma proteins such as antithrombin, creating an im- 
balance that favours hypercoagulability. DIC results in 
increased antithrombin consumption. 


Protein C is a vitamin K-dependent natural anti- 
coagulant that inactivates factors Va and Villa, sup- 
pressing thrombin production. The role of protein C 
deficiency in thrombosis in small animal patients 
remains unclear. 

The fibrinolytic system is extremely important in 
the pathophysiology of TE. In anormal animal, thrombi 
lyse spontaneously within hours. The presence of 
persistent TE therefore implies defective fibrinolysis. 
Studies in humans have shown defective fibrinolysis 
to be a contributing mechanism in all of the hyper- 
coagulable states. The fibrinolytic system consists of 
plasminogen and the activators that convert plasmino- 
gen to plasmin. Plasmin causes dissolution of the fi- 
brin clot. There are two physiological plasminogen 
activators, tissue-type plasminogen activator (t-PA) 
and urokinase (UK), and numerous inhibitors of these 
activators. Hypofibrinolysis can occur due to de- 
creases in plasminogen or plasminogen activators, 
or due to increases in inhibitors. The most common 
mechanism appears to be an increase in plasmino- 
gen activator inhibitor (PAI-1). 


Aetiology 

The term ‘hypercoagulable states’ in small animals 
refers to acquired disorders in patients with under- 
lying systemic disease known to be associated with 
an increased risk of thrombosis. In these diseases, 
the pathogenesis is generally multifactorial and 
complex. Inherited hypercoagulable states have not 
been reported in animals. While hypercoagulability 
represents a risk for TE, the actual incidence is 
variable and unpredictable. A single disease associ- 
ated with hypercoagulability is unlikely to result in 
TE unless it is combined with another hypercoagu- 
lable state or thrombophilic condition. Retrospective 
studies of postmortem examinations in dogs and 
cats with pulmonary TE have shown that a large pro- 
portion of patients had more than one condition 
potentially predisposing to hypercoagulability (64% 
and 47%, respectively). 

Numerous conditions have been associated with 
TE in dogs and cats (Figure 13.20). The likelihood of 
TE in patients with these conditions appears to be 
increased when the disease is severe, when a sec- 
ond hypercoagulable condition is present, and when 
other factors that promote thrombosis are present 


Renal disease (nephrotic syndrome, protein-losing nephropathy) 
Cardiac disease (vegetative endocarditis, heartworm disease, 
cardiomyopathy 


| 13.20 | Conditions associated with thromboembolism 
in dogs and cats. 
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(such as hypoperfusion, dehydration, immobility, ven- 
ous catheterization, tissue injury and inflammatory 
cytokines). For these reasons, TE is most commonly 
seen in the critical patient. 

Most hypercoagulable states can result in arterial 
or venous thrombosis. There are, however, excep- 
tions. Atherosclerosis is almost exclusively an arterial 
event, whereas IMHA is largely associated with ven- 
ous thrombosis. 


Clinical signs 

The clinical signs of TE depend on the site of the TE, 
the function of the ischaemic organ, the degree of vas- 
cular compromise and the ability of collateral circula- 
tion to compensate for the insult. Clinical signs vary 
from mild subclinical effects to life-threatening compli- 
cations. Manifestations of pulmonary thromboembolism 
(PTE) range from mild acute tachypnoea, to severe 
dyspnoea and death. Embolization of the central ner- 
vous system (‘stroke’) can cause a variety of acute 
neurological signs. Emboli related to cardiac disease 
in cats frequently lodge in the aortic bifurcation. Signs 
are peracute and the affected limb is painful, cool, 
paretic, pale and pulseless. In contrast, aortic TE in 
dogs varies from peracute to chronic, and chronic cases 
may show only lameness or paresis. Clinical myocardial 
infarction manifests as dysrhythmias or functional com- 
promise. Visceral arterial thrombosis causes acute 
abdominal pain, vomiting, diarrhoea and/or haemato- 
chezia. Renal TE may cause abdominal pain, haema- 
turia and/or vomiting. None of these signs is specific 
for TE. Diagnosis, therefore, frequently relies on a sus- 
picion of TE and exclusion of other causes. 


Diagnosis 
The diagnosis of TE should include: 


* Exclusion of other potential causes of the clinical 
signs 

* Confirmation of the presence of a thrombus/ 
embolus 

* Laboratory evaluation of hypercoagulation 

* Identification of underlying systemic disorders. 


Depending on the site of TE, diagnosis can be dif- 
ficult. Perhaps the most important aspect in diagno- 
sis is an index of suspicion. In order to make a 
diagnosis of TE, it must be on the list of differentials. 
TE should be included in the differential diagnoses 
for dyspnoea, abdominal effusion, intestinal compro- 
mise, acute abdomen, haematuria, hindlimb lame- 
ness/paresis/paralysis and acute neurological signs. 
Since signs of TE are non-specific, and confirmation 
is frequently elusive, exclusion of other possible 
causes for the signs is an important diagnostic step. 

Confirmation of the presence of a thrombus/em- 
bolus depends on the site, but generally relies on 
imaging studies. PTE can be confirmed via scinti- 
graphy, spiral computed tomography (CT) or angio- 
graphy. Cerebral TE may be evident on magnetic 
resonance imaging (MRI). Aortic, caval or visceral 
thrombosis may be detectable via ultrasonography 
and Doppler studies. In some situations, imaging stud- 
ies may not be feasible, due to limited availability or 
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patient instability. In such cases, diagnosis rests on 
exclusion of other causes, documentation of hyper- 
coagulability (where possible) and evidence of the 
presence of an underlying disease process predis- 
posing to thrombosis. 

The presence of hypercoagulability neither con- 
firms nor predicts TE. It merely indicates that it is pos- 
sible and, together with other compatible findings, 
enables the clinician to build a case for a diagnosis. 
Laboratory confirmation of hypercoagulability, how- 
ever, is difficult. The routine coagulogram is not help- 
ful in identifying hypercoagulation. There is little 
evidence for a relationship between thrombocytosis, 
shortened bleeding times, shortened PT and PTT and 
a thrombotic tendency. Routine screening coagula- 
tion tests, therefore, are generally normal in the 
hypercoagulable patient. When thrombosis has oc- 
curred, screening tests may show evidence of con- 
sumption (e.g. thrombocytopenia, prolonged PTT). 

D-dimers have proven clinical utility in the diagno- 
sis of TE in humans. Since D-dimers are specific for 
active coagulation and fibrinolysis, they are useful for 
detecting TE, but not thrombotic risk. The half-life of 
D-dimers, however, is short (approximately 5 hours). 
As such, they are most useful for detection of acute 
TE. They are also not specific for TE, with elevated 
concentrations being found in dogs with neoplasia, 
hepatic disease, renal failure, cardiac failure, internal 
haemorrhage, DIC and following surgical procedures. 
However, D-dimers in human patients have a high 
negative predictive value for TE, and are extensively 
employed as a screening test for PTE. They are con- 
sidered most useful to rule out TE in patients deemed 
to have a low clinical probability. The utility of D-dimers 
in small animal patients is less clear, but may be simi- 
lar. Sensitivities of 89-100% have been reported in 
dogs, using the standard ELISA test, a latex bead 
agglutination test (Accuclot D-dimer”, Sigma), and a 
canine-specific point-of-care test (AGEN canine 
D-dimer test®, Sigma). Reported specificity is approxi- 
mately 70%. When semi-quantitative methods have 
been employed, specificity approaches 90%, with 
strong positive results (>1000 ug/l on latex agglutina- 
tion) occurring only in patients with TE and with 
haemoabdomen. Based on the available data in dogs, 
it appears that TE can be considered unlikely if the 
D-dimer test is negative and clinical suspicion is low. 
TE is not, however, excluded by a negative D-dimer, 
especially if the time period from the event to presen- 
tation is prolonged. A positive test should always be 
interpreted in the light of other clinical findings. If these 
support TE, further testing is indicated. A strong posi- 
tive test, in the absence of intracavitary haemorrhage, 
is highly suggestive of TE. 

Significant hyperfibrinogenaemia can indicate 
hypercoagulability, but occurs in few of the hypercoag- 
ulable states (e.g. some cases of pancreatitis and sep- 
sis). The majority of patients with TE do not have 
hyperfibrinogenaemia. Similarly, assay of antithrombin 
concentration or activity may be useful. Low concen- 
trations of antithrombin have been correlated with 
thrombotic risk when antithrombin deficiency is the 
primary mechanism for thrombosis (e.g. protein- 
losing nephropathy). Antithrombin levels may also be 
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decreased as a result of consumption during mas- 
sive TE. Normal antithrombin levels do not exclude 
hypercoagulability. Thromboelastography (TEG) has 
been described in small animals for the assessment 
of overall hypercoagulability, and experience is en- 
couraging. Few institutions, however, offer TEG, and 
further studies are needed to fully elucidate its clini- 
cal utility. 

Since TE occurs almost exclusively secondary to 
one or more underlying conditions, any suspicion of 
TE should prompt a thorough search for these condi- 
tions (see Figure 13.20). While their presence does 
not confirm TE, it provides further support for the di- 
agnosis of TE when a definitive diagnosis is not pos- 
sible. Knowledge of any predisposing disease is also 
essential in clinical management. 


Treatment 
Therapy should include: 


* Support of the affected organ system/s 

* Prevention of thrombus propagation and 
recurrence 

* Possibly removal of the thrombus/embolus. 


A relatively small percentage of TE events are 
immediately fatal. Even in patients with disturbed fi- 
brinolysis, some degree of reorganization and lysis 
occurs in the days following the event. Therefore, if 
the patient can be supported through the compromise, 
and further exacerbations can be prevented, survival 
is possible. In some cases, however, compromise may 
be so extreme that adequate support is not possible, 
or thrombi may persist for extended periods. In such 
cases, pharmacological or mechanical thrombolysis 
may be indicated. 


Prevention of propagation and recurrence of 
thrombi 

Thrombi tend to propagate, and this can result in fur- 
ther compromise. Furthermore, the patient with TE is 
always at risk for additional TE episodes. Manage- 
ment, therefore, should be focused on prevention, 
using anticoagulants and/or antiplatelet drugs. Tradi- 
tionally, anticoagulants have been recommended to 
prevent venous thrombosis, and antiplatelet drugs to 
prevent arterial thrombosis. This was based largely 
on observations that arterial thrombi contain large 
numbers of platelets, whereas venous thrombi are 
composed predominantly of red cells in a fibrin ma- 
trix. Recent evidence in human patients has revealed 
that early venous thrombi are indeed platelet-rich, and 
that patients with venous TE have lower morbidity and 
mortality when antiplatelet drugs are added to the regi- 
men. As such, there is an indication for the use of 
adjunctive antiplatelet therapy together with anti- 
coagulants in patients with venous thrombosis. Fur- 
thermore, since most hypercoagulable states can 
result in either venous or arterial thrombosis in an un- 
predictable fashion, the concurrent use of anticoagu- 
lants and antiplatelet drugs has merit. 


Anticoagulants: Unfractionated heparin is the cor- 
nerstone of anticoagulant therapy. Low-molecular- 
weight heparins (LMWH) offer significant advantages. 


However, since experience in veterinary patients is 
limited, unfractionated heparin remains the most 
frequently used drug for initial management of TE in 
dogs and cats. 

Unfractionated heparin is composed of mucopoly- 
saccharides of varying molecular weights. The primary 
mechanism of action is the potentiation of antithrombin 
activity, leading to the inactivation of thrombin (factor 
lla), and factors Xa, IXa, Xla and XIla. Of these, 
thrombin and factor Xa are the most responsive to 
inhibition. The relative effect of heparin on these fac- 
tors is dependent on its molecular size. Smaller 
heparin molecules are unable to catalyse thrombin 
inhibition. These molecules, however, are effective in 
catalysing the inhibition of factor Xa. Other effects of 
heparin include induction of decreased blood viscos- 
ity, decreased platelet function and increased vascu- 
lar permeability. These effects contribute to the 
haemorrhagic risk. 

The anticoagulant effects of a standard dose of 
heparin vary widely among patients. Heparin may be 
poorly absorbed from subcutaneous sites, and plasma 
clearance is variable and unpredictable. Higher- 
molecular-weight species are cleared more rapidly 
than lower-molecular-weight species, resulting in var- 
ied anticoagulant activity over time. In addition, some 
patients appear to have heparin resistance, requiring 
larger doses to achieve a therapeutic effect. It has 
been shown in human patients that, unless a prescrip- 
tive normogram is used, many patients receive inad- 
equate heparinization in the initial 24—48 hours of 
therapy, resulting in an increased incidence of recur- 
rent TE. Successful heparin therapy necessitates 
monitoring the anticoagulant response, and titrating 
the dose to the individual patient. Anticoagulant re- 
sponse can be monitored by measuring the plasma 
heparin concentration or the PTT. The therapeutic 
range of heparin is a concentration of 0.3-0.7 IU/ml 
by anti-factor Xa assay. The turnaround time of this 
assay, however, can make it impractical for clinical 
monitoring of the TE patient. Monitoring of the PTT is 
more feasible. Target ranges quoted in the veterinary 
literature are based on human studies, and appear to 
be excessive for dogs. Until further data is available, 
the author uses a target PTT range of 1.5-2.0 times 
the baseline. 
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It is impossible to give evidence-based recommen- 
dations for heparinization in small animals. There are 
exceedingly few studies, and most quoted doses are 
anecdotal. It would appear prudent, therefore, to uti- 
lize protocols established in human patients and in 
animal models, and to monitor PTT values and/or 
heparin concentrations closely. That is, to initiate 
heparin therapy with an intravenous bolus, followed 
by continuous-rate intravenous infusion. Studies in 
humans have demonstrated no increase in major 
bleeding, compared to subcutaneous administration. 
The author uses an extrapolation of this protocol in 
dogs (Figure 13.21). Because antithrombin is required 
for heparin effect, concurrent plasma transfusion is 
recommended in patients with documented or sus- 
pected antithrombin deficiency. 

Subcutaneous administration of unfractionated 
heparin is not recommended for initial therapy. While 
this protocol can produce PTT values within target 
ranges, they are rarely achieved rapidly. The use of 
subcutaneous heparin in patients with acute TE 
should be reserved for those patients in which 
therapy with intravenous heparin is not feasible. 
Published doses vary enormously. A small number 
of canine studies have shown marked individual vari- 
ability in response, emphasizing the importance of 
monitoring. The author uses a dose of 200 IU/kg s.c. 
q6h, with adjustments based on regular PTT 
determinations. There is evidence that PTT results 
do not reliably correlate with plasma heparin con- 
centrations in cats. For this reason, it is prudent to 
evaluate plasma heparin concentrations intermit- 
tently in cats on heparin therapy. 

LMWHs are manufactured from unfractionated 
heparin to yield smaller molecules. They differ from 
unfractionated heparin in several important respects: 
superior subcutaneous bioavailablility; a prolonged 
half-life; predictable clearance; and predictable 
antithrombotic effects. This allows once or twice daily 
dosing in humans, with treatment based on body 
weight and without laboratory monitoring. Their onset 
of action is rapid, with peak effects generally seen at 
2-4 hours. LMWHs have little anti-lla activity, and 
cannot be monitored via PTT. Anticoagulant efficacy 
is monitored via an anti-factor Xa assay. 


(13.21 | Protocol for intravenous unfractionated heparin infusion in dogs. 
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Experience with LMWH in small animals is limited. 
They therefore cannot be recommended as first choice 
in the initial therapy of TE. They can be considered, 
however, when intravenous heparin infusion is not 
feasible. In this role, subcutaneous therapy with 
LMWH is likely to be preferable to intermittent subcu- 
taneous unfractionated heparin. Based on current 
knowledge, the author recommends a starting dose 
of dalteparin of 150 IU/kg s.c. q8—12h in the dog, and 
100 IU/kg s.c. q8h in the cat. A suggested starting 
dose of enoxaparin is 1 mg/kg s.c. qi2h. Regardless, 
itis imperative that anticoagulant efficacy is monitored 
until an effective dose is established for that patient. 
The target therapeutic range is a plasma anti-factor 
Xa concentration of 0.3-0.7 |U/ml. Monitoring can 
begin as early as 24 hours after initiation of therapy. 
Samples should be collected just prior to injection, 
and 3—4 hours following injection, to determine peak 
effect and duration. Dose and frequency are adjusted 
accordingly. Once an effective protocol is established 
for the patient, continued monitoring appears unnec- 
essary, except for patients in renal failure. 


Antiplatelet drugs: Aspirin is the only widely used 
antiplatelet drug in small animals. It acetylates cyclo- 
oxygenase, thus preventing the formation of throm- 
boxanes and prostaglandins (including prostacyclin). 
The effect on platelets is irreversible whereas the 
effect on endothelial prostacyclin production is re- 
versible. Effective antiplatelet therapy with aspirin, 
therefore, depends on using an ultra low dose that 
affects the platelets irreversibly, but allows the en- 
dothelial cells to recover. In dogs, ultra low-dose 
aspirin (0.5 mg/kg orally q24h) has been shown to 
be effective in decreasing platelet aggregation. In 
cats, a dose of 81 mg/cat q72h has been tradition- 
ally used. More recently, a study of aortic TE in cats 
revealed no statistical difference in outcome between 
traditional and low-dose (5 mg/cat q72h) aspirin, but 
there were fewer gastrointestinal effects with the 
low-dose protocol. 


Thrombolysis 

Thrombolytic agents (streptokinase (SK), urokinase, 
tissue plasminogen activator (t-PA)) are plasmino- 
gen activators that result in the production of plas- 
min, and subsequent dissolution of the fibrin 
thrombus. Advantages of thrombolytic therapy in- 
clude rapid clot lysis and improved perfusion. These 
must be carefully weighed against the risk of mas- 
sive haemorrhage, which is appreciable. The goal of 
thrombolytic therapy is to restore circulation rapidly, 
in such a manner that the procedure is clinically ben- 
eficial, and the risks of therapy justifiable. Thrombo- 
lytic therapy, therefore, is reserved for patients with 
life-threatening TE who are unlikely to survive with- 
out rapid reperfusion, or those with persistent TE that 
is significantly affecting function. Anticoagulant 
therapy, with intravenous unfractionated heparin or 
subcutaneous LMWH, is recommended following 
thrombolysis. Contraindications for thrombolytic 
therapy include: active internal bleeding; hyper- 
tension; recent (within 2-3 weeks) surgery or organ 
biopsy; and gastrointestinal ulceration. 
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Veterinary experience with thrombolytic agents is 
limited, making evidence-based recommendations for 
their use exceedingly difficult. Risk-to-benefit ratios 
have not been investigated, and safe and effective 
protocols are not established. There is a small number 
of reports involving the use of thrombolytics in ani- 
mals. In one report, SK was used successfully in four 
dogs with non-pulmonary TE. In that report, the treat- 
ment protocols varied tremendously: loading doses 
of 5200—18,000 IU/kg were administered intravenously 
over 30 minutes once or three times. Maintenance 
doses ranged from 2083-9000 |U/kg/h, infused for 
3—10 hours per day. The use of SK has been reported 
in cats with aortic TE, using a loading dose of 90,000 
IU over 20-30 minutes, followed by a maintenance 
dose of 45,000 IU/h for 3 or more hours. Most cats 
had evidence of thrombus dissolution, but bleeding 
complications were common, and mortality high. 

t-PA offers theoretical advantages over SK and, in 
humans, has proved superior. The successful use of 
t-PA has been described in a dog with aortic thrombo- 
sis. The author has used t-PA (together with heparin) 
with some success in a small number of dogs with 
PTE. Bolus intravenous injections of 1 mg/kg are given 
over 15-20 minutes every 1-3 hours until there is clini- 
cal evidence of improvement, then repeated thereaf- 
ter as needed. Studies in human patients indicate that 
a single infusion of t-PA over 90 minutes may be su- 
perior to intermittent bolus injections. This remains to 
be evaluated in animals. Experience with t-PA in cats 
with aortic TE has not been encouraging. While throm- 
bolysis generally occurred, approximately 50% of 
patients died during therapy, most deaths resulting 
from reperfusion injury. 


Ongoing therapy 

Initial therapy should be continued until the patient is 
stabilized, followed by a transition to longer-term 
therapy prior to hospital discharge. Longer-term anti- 
coagulant therapy is aimed at preventing recurrent TE, 
and is addressed below. It should be continued until 
the risk of TE is considered sufficiently decreased. In 
patients with short-term reversible causes, such as 
pancreatitis, therapy for 1-2 weeks following clinical 
recovery is likely to be adequate. In patients with on- 
going risk, such as IMHA, anticoagulant therapy is 
continued until the patient is weaned off corticoster- 
oids. Indefinite therapy is recommended in patients 
with recurrent TE, or TE complicating malignancy or 
cardiac disease. 


Prevention 

The morbidity and mortality rates of TE are substan- 
tial. Moreover, diagnosis is difficult, and treatment of 
TE is not invariably successful. This makes preven- 
tion imperative in the patient at risk. Prevention should 
address all aspects of Virchow’s triad. This includes: 


* Minimizing vascular stasis by maintaining 
adequate perfusion 

+ Minimizing vascular injury by the appropriate 
handling of venous catheters 

* Altering the haemostatic system via the 
appropriate use of drugs. 


Antithrombotic drugs are indicated when there is 
significant risk of TE. Assessment of TE risk in vet- 
erinary patients remains largely subjective. Under- 
standing the risk factors in patient groups and in 
individual patients forms the basis for risk determi- 
nation. The most convincing evidence of risk is a prior 
TE event. In many patients, multiple risk factors are 
present, and the risks are cumulative. Such a situa- 
tion therefore should prompt consideration of prophy- 
laxis. The author considers severe IMHA, severe 
acute pancreatitis and sepsis to be indications for 
anticoagulant therapy. Risk stratification, however, 
is subjective, and based on the severity of disease 
and concomitant risk factors. Nephrotic syndrome is 
associated with a significant risk of TE, and determi- 
nation of antithrombin level may provide objective 
evidence of risk. Risk may also be estimated by 
the severity of renal protein loss, the existence of 
potentially contributing factors and any history of 
prior TE events. Patients with uncomplicated hyper- 
adrenocorticism or diabetes mellitus appear to have 
a low incidence of TE, and the need for prophylactic 
drugs in these patients is doubtful. The risk increases, 
however, when another thrombophilic condition is 
added, such as hypertension, protein-losing neph- 
ropathy or surgery. 

The choice of anticoagulant for PTE prophylaxis 
depends on the anticipated duration of therapy, and 
the compliance and finances of the owner. Options 
include subcutaneous unfractionated heparin, warfa- 
rin and LMWH. Prophylaxis is usually initiated with 
low-dose, subcutaneous, unfractionated heparin. In 
human patients, small fixed doses are used. This 
protocol does not require laboratory monitoring, and 
has been shown to reduce the rate of fatal PTE by 
two thirds. Recommended doses of unfractionated 
heparin for prophylaxis in small animals range from 
100-200 IU/kg s.c. q8—12h. These doses seem un- 
likely to result in major haemorrhage, but efficacy rates 
have yet to be assessed. 

Warfarin is most commonly used for long-term 
outpatient TE prophylaxis. It is an oral vitamin K an- 
tagonist, thus inhibiting the activation of vitamin 
K-dependent factors. Due to the half-lives of these 
factors, the anticoagulant effect of warfarin is not im- 
mediate. During the first 24—48 hours of therapy, only 
factor VII and protein C are significantly affected. In- 
hibition of protein C leads to a thrombotic tendency, 
before other factors are inhibited. For these reasons, 
heparin therapy should always overlap warfarin for at 
least the first 2 days, and until therapeutic levels of 
warfarin are achieved. Warfarin is initiated at a dose 
of 0.05—0.1 mg/kg orally q24h in the dog and the cat. 
A therapeutic range is generally achieved within 5-7 
days. Therapy is monitored by use of the PT, and the 
calculated international normalization ratio (INR). The 
therapeutic range for warfarin is an INR of 2.0-3.0. 
Due to the risk of haemorrhage, and the influence of 
diet, comorbidity and administration of other drugs, 
close continued monitoring of warfarin therapy on an 
outpatient basis is essential. 

LMWHs are an attractive alternative to warfarin. 
They are less frequently associated with haemorrhage 
and, after the initial establishment of an effective dose, 
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do not require ongoing monitoring. Since their onset 
of action is rapid, unfractionated heparin can be dis- 
continued when LMWH therapy is initiated. These ben- 
efits contribute to offsetting the costs of these drugs. 
Until effective dosing protocols are established in small 
animals, however, initial dose adjustments based on 
anti-Xa assay are mandatory (see above). 

Antiplatelet drugs are indicated as adjunctive 
therapy in most cases of TE prophylaxis. In diseases 
associated almost exclusively with arterial thrombo- 
sis (e.g. atherosclerosis) or where anticoagulant 
therapy is not feasible or is deemed excessive, sole 
therapy with aspirin has merit. A recent retrospective 
study indicated improved outcomes in dogs with IMHA 
when ultra low-dose aspirin (with or without heparin) 
was included in the treatment regimen. 
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Transfusion medicine 


Gillian Gibson 


Introduction 


Interest in veterinary transfusion medicine has been 
growing over the past few decades, in line with the 
advancing capabilities of general practitioners and spe- 
ciality referral hospitals in managing critically ill and 
emergency patients. Recent changes in the guidance 
provided by the RCVS and in drug legislation are likely 
to lead to further development of transfusion medicine 
and animal blood banking within the UK. 

As all blood must be sourced from healthy donors, 
this is leading to an increased need for donor ani- 
mals. A practice can increase its donor pool by ac- 
tively recruiting suitable candidates, and screening for 
blood type in advance of need. Client evenings or 
veterinary staff visits to breed or training club meet- 
ings, information displays in reception areas, and 
local newspaper articles can increase public aware- 
ness about the need for canine and feline donors, and 
often lead to people volunteering their animal for 
donation. Volunteer-based donor schemes rely on the 
altruism of the pet owner, with direct rewards usually 
being a bag of pet food or toys for the donor. Cur- 
rently there are no commercial animal blood banks in 
the UK. Historically, whole blood (drawn directly from 
the donor with the use of an anticoagulant) has been 
used in veterinary medicine, and is usually adminis- 
tered to the recipient within hours of donation. How- 
ever, with increased need for and use of blood coupled 
with limited supply, administration of blood compo- 
nents (packed red cells, plasma) is a more economi- 
cal use of this resource. 

Knowledge and practice of appropriate blood col- 
lection, processing, storage and administration meth- 
ods are essential to ensure the safety of the donor 
and the recipient, as well as to maximize the use of 
limited clinical resources. 


Donor selection 


Canine blood donors 

Canine donors should be healthy, well tempered, large- 
breed dogs weighing at least 25 kg to allow collection 
of blood in standard human collection bags. Many blood 
donor programmes set an age limit of 1-8 years, with 
use of dogs older than the age limit at the discretion of 
the veterinary surgeon after careful evaluation of the 
donor. The dogs should receive routine veterinary pre- 
ventative health care, including vaccination according 


to practice protocols. They should not be receiving any 
medication at the time of donation with the exception 
of flea preventive, routine worming medication or 
heartworm preventative (location specific). As blood 
is most frequently obtained from the jugular vein, con- 
sideration should be given to the conformation of the 
dog and venous access. It is preferable to use dogs 
that will remain still with minimal restraint during the 
blood collection procedure, avoiding sedation and 
possible adverse consequences of its use. Any dog 
that has previously received a transfusion may have 
developed alloantibodies against differing blood types 
and is therefore unsuitable as a donor. Some pro- 
grammes exclude bitches which have previously 
whelped litters due to similar concerns. 

Pre-donation tests for canine donors include deter- 
mination of blood type (at a minimum, DEA 1.1 status), 
yearly haematology and general biochemistry profiles, 
as well as screening for infectious diseases endemic 
to the region or to geographical locations in which the 
animal previously lived. Infectious disease agents of 
concern, which have the potential to be transmitted by 
blood transfusion, include Babesia, Leishmania, 
Ehrlichia, Anaplasma, Neorickettsia, Brucella canis, 
Trypanosoma cruzi, Bartonella vinsonii and Myco- 
plasma haemocanis. The decision about which donors 
to test for these diseases, as well as the frequency of 
testing and retesting, depends on the risk of infection 
for that particular donor. The cost of testing should be 
considered; however, the safety of the blood transfu- 
sion is paramount, and appropriate testing of a donor 
should not be compromised for financial reasons. In 
the UK, exclusion of dogs that have travelled outside 
the UK currently avoids the need for exhaustive infec- 
tious disease testing. However, periodic review of this 
policy will be important, as the prevalence of infectious 
disease may increase with greater pet travel. 


Feline blood donors 

Feline donors should be clinically healthy cats between 
the ages of 1 and 8 years, receiving routine veterinary 
preventative health care. They should weigh at least 
4 kg. Unlike canine donors, cats usually require seda- 
tion for the donation; however, they should still be of 
an agreeable temperament to allow transportation to 
the veterinary surgery and handling for administration 
of the sedative. Given the problems with naturally oc- 
curring alloantibodies in cats (see Feline blood types) 
it is essential that all feline donors as well as recipients 
be blood typed prior to collecting blood to prevent 


215 


Chapter 14 Transfusion medicine 


incompatibility of mismatched transfusions. To ensure 
that feline donors are in good health, haematology, 
serum biochemistry and infectious disease screening 
for feline leukaemia virus (FeLV) (serology), feline im- 
munodeficiency virus (FIV) (serology) and Mycoplasma 
haemofelis (polymerase chain reaction (PCR)) are 
evaluated each year. Cats that are positive for infec- 
tious diseases should not be used as donors. Further- 
more, to have confidence in the maintenance of a 
negative disease status, it is preferable to use only cats 
that are confined to living indoors. 

Given the need for sedation in donor cats, and the 
stringent requirements for prevention of infectious dis- 
ease transmission, it is often difficult to develop a large 
pool of feline donors. Some larger veterinary facilities 
choose instead to house a colony of disease-free donor 
cats which, after a period of service, are re-homed 
as pets and allowed to lead an indoor or outdoor life- 
style as their owner prefers. Veterinary surgeons in 
the UK seeking to establish a donor colony should 
consult the Home Office and RCVS regarding the 
legal requirements. 

Testing for the presence of other infectious disease 
agents such as Bartonella should be considered, and 
is recommended by some haematologists. Screening 
healthy donor cats for Cytauxzoon felis, Ehrlichia, Ana- 
plasma and Neorickettsia may be warranted if these 
agents are endemic in the area. Controversy remains 
over testing donor cats for feline coronavirus, as many 
Clinically healthy cats can have positive titres yet never 
develop clinical feline infectious peritonitis (FIP), and 
transmission of clinical disease via blood transfusion 
has not yet been documented. Despite the lack of docu- 
mentation of transmission of clinical disease, enough 
concern exists about possible transmission from sero- 
positive donors that some institutions prefer to use 
donors who are negative for coronavirus. Toxoplasma 
gondii screening antigen, antibody or DNA tests are 
not recommended, as healthy cats may have positive 
test results, which are not necessarily a concern for 
the safety of the blood transfusion. 


General considerations 

In addition to the yearly comprehensive health exam- 
inations, a complete donor history, physical examina- 
tion and packed cell volume (PCV) or haemoglobin 
(Hb) level should be performed prior to every dona- 
tion, to safeguard the health and confirm the suitabil- 
ity of the donor. 


Blood types 


Red blood cell types are determined by species- 
specific, inherited antigens present on the cell sur- 
face. Blood type incompatibility is observed clinically 
as transfusion reactions or neonatal isoerythrolysis, 
the occurrence and severity of which is variable 
between individuals and species. The frequency of 
canine and feline blood types varies with geographi- 
cal location and breed. Although the published popu- 
lation incidence of various blood types may offer the 
verterinary surgeon guidance, it is based on surveys 
with limited animal numbers and may not be applica- 
ble to the individual animal in question. 
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Canine blood types 

Many systems are used to describe the blood groups 
of dogs; however, the dog erythrocyte antigen (DEA) 
nomenclature is most widely in use in the current lit- 
erature. Typing antisera exist for 6 DEAs (1.1, 1.2, 3, 
4, 5 and 7). For all of the DEA groups, a dog may be 
positive or negative. The DEA 1 group has at least 
two subtypes, DEA 1.1 and 1.2. Athird subtype, DEA 
1.3, has been described but not yet extensively evalu- 
ated due to lack of typing antisera. Adog may be posi- 
tive for only one of these DEA 1 subtypes, or it may 
be negative for all three. 

The relevance of blood type is related to its 
antigenic potential. The most antigenic blood type is 
DEA 1.1; however there are no naturally occurring 
alloantibodies against DEA 1.1. As such, most dogs 
will not experience a severe transfusion reaction from 
a first transfusion of DEA 1.1-incompatible blood. 
However, sensitization occurs in DEA 1.1-negative 
dogs that receive DEA 1.1-positive cells. Antibodies 
(strong haemolysins and agglutinins) are produced 
which can cause an acute haemolytic transfusion 
reaction following repeated antigen exposure (e.g. a 
second transfusion with DEA 1.1-positive blood). 
Additionally in some of these dogs a delayed haemo- 
lytic transfusion reaction may occur more than 9 days 
after the first transfusion, as antibody production in- 
creases. Production of antibodies to other red cell 
antigens may develop in a sensitized recipient as early 
as 4 days after transfusion, emphasizing the impor- 
tance of crossmatching donor and recipient samples 
prior to a second blood transfusion. 

The significance of transfusion incompatibility 
associated with red cell antigens DEA 3, 5 and 7 
varies, depending on the clinical consequences of 
a mistyped transfusion, as well as the prevalence 
of these antigens in the dog population. Sensitization 
to these antigens or the presence of naturally occur- 
ring alloantibodies may result in a delayed transfusion 
reaction involving sequestration and loss of trans- 
fused red blood cells. Prevalence studies in the US 
report a low incidence of both DEA 3 and 5, with 
naturally occurring alloantibodies documented in 
10% and 20% of dogs negative for these types re- 
spectively. DEA 7-negative dogs may experience 
delayed transfusion reactions as a consequence of 
transfusion with DEA 7-positive blood. Considering 
that approximately 50% of dogs are positive for this 
antigen, the presence of this alloantibody, although 
of weak titre, may be significant with regard to the 
possibility of a transfusion reaction. 

Most dogs are DEA 4-positive. There is no known 
naturally occurring alloantibody to this antigen, and 
in many instances its transfusion significance is 
minor. However, a recent report of a DEA 4-negative 
dog, sensitized by previous transfusion, experienc- 
ing an acute haemolytic transfusion reaction after 
administration of DEA 4-positive blood, suggests 
that more investigation into the significance of this 
antigen is necessary. 

Blood typing is based on an agglutination re- 
action. Most antigens are detected by visualizing 
a haemoagglutination reaction in response to 
polyclonal or monoclonal antibodies. When using 


these antibodies, agglutination detects the presence 
of the particular red cell antigen being tested, and the 
dog is then considered positive for that antigen. Lack 
of haemoagglutination in response to the antibody in- 
dicates that the dog is negative for the test antigen. 

As DEA 1.1 is the most antigenic blood type, it is 
strongly advised that the DEA 1.1 status of both the 
donor and recipient is determined prior to transfusion, 
or that only DEA 1.1-negative donors are used. DEA 
1.1 testing can be performed by a variety of methods, 
either at a reference laboratory or using an in-house 
card test kit. Typing for antigens other than DEA 1.1 
requires the use of polyclonal antisera, available from 
only a few specialized blood service laboratories. 
Ideally donors should be negative for DEA 1.1, 1.2, 3, 
5 and 7. However, the cost involved in typing for these 
antigens must be weighed against the low risk of a 
transfusion reaction after the first transfusion to a 
recipient typed only for DEA 1.1. As a general rule, 
DEA 1.1-negative dogs should only receive DEA 1.1- 
negative blood, and DEA 1.1-positive dogs may receive 
either DEA 1.1-negative or -positive blood. Subsequent 
potential incompatibilities to known or as yet undeter- 
mined antigens in animals who receive repeated trans- 
fusions should be identified on a crossmatch. 

The card test kits for DEA 1.1 use whole blood and 
the test is completed within 2 minutes. Blood typing 
cannot be performed easily in animals with autoagglu- 
tination, because a false-positive or undeterminable 
blood type will result. If in-saline autoagglutination is 
present, the cells should be washed to assess for per- 
sistence. If the results of the typing are unclear, the 
recipient is considered to be DEA 1.1-negative until the 
autoagglutination resolves and an attempt can be made 
to type a repeat blood sample. 

Weak positive results should be interpreted cau- 
tiously, as occasionally false-positive results to DEA 
1.1 occur when testing DEA 1.2-positive dogs. Such 
adog is actually DEA 1.1-negative; however, the weak 
positive result may lead the clinician to classify the 
dog as DEA 1.1-positive. The clinical implication of 
this false-positive result is that a DEA 1.1-negative 
dog may be administered DEA 1.1-positive red cells, 
resulting in sensitization of the recipient to DEA 1.1 
and an increased risk of experiencing an acute haemo- 
lytic transfusion reaction upon repeated exposure to 
DEA 1.1-positive cells. 

Furthermore, care should also be taken when 
typing severely anaemic dogs. The prozone effect 
may prevent proper agglutination of blood from a DEA 
1.1-positive dog with the DEA reagent. Due to the 
low number of red blood cells, the quantity of anti- 
gen is reduced compared to the amount of antibody 
present in the reagent, consequently cross-linking 
between cells (agglutination reaction) may not 
occur. In this circumstance, it may be helpful to cen- 
trifuge the patient's whole blood test sample, and 
remove one drop of the plasma to increase the rela- 
tive concentration of red blood cells. The red cells 
and plasma are then remixed prior to performing 
the card test with the modified whole blood sample. 
Finally, inaccurate results may occur if a patient has 
recently received a transfusion (prior to sampling for 
blood type determination). 
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Given these potential pitfalls with in-house blood 
typing, although it is advisable to determine the blood 
type of a dog prior to transfusion, in the emergency 
situation it may be necessary to assume that the 
patient is DEA 1.1-negative and use only a DEA 1.1- 
negative donor. This practice would prevent the ad- 
ministration of DEA 1.1-positive cells to a DEA 
1.1-negative recipient. Using donors of previously 
determined known blood types is then of utmost im- 
portance. Patients should always be sampled prior to 
transfusion so blood typing can be performed at a later 
time point. 


Feline blood types 

Blood groups in cats are described by the A-B sys- 
tem, which includes three blood types: A, B and AB. 
The blood types are inherited as a simple dominant 
trait, with A being dominant over B. Genotypically type 
A cats are either homozygous a/a or heterozygous 
a/b; whereas type B cats are homozygous b/b. Type 
AB is a rare blood type in which a third allele is present, 
recessive to the a allele but dominant to the b allele, 
leading to expression of both A and B antigens. Mat- 
ing studies have shown that type AB is not simply the 
result of mating a type A to a type B cat, but rather the 
type Acat must carry the rare allele for type AB blood. 
However this genetic pattern has not applied in all AB 
cats, and there is likely to be more than one mecha- 
nism for inheritance of this blood type. 

Typing of cats prior to transfusion is imperative. \n 
cats, naturally occurring alloantibodies are present in 
the plasma. These alloantibodies are isoagglutinins 
against the red blood cell antigen that is not present in 
that individual cat (i.e. type A cats have alloantibodies 
against the B antigen and vice versa). These antibod- 
ies are found in all type A and B cats after 2 months of 
age and their formation does not require prior expo- 
sure through transfusion or pregnancy. These antibod- 
ies may cause a potentially fatal immediate transfusion 
reaction and are also responsible for neonatal 
isoerythrolysis. Therefore, all donor and recipient cats 
must be blood typed prior to transfusion, even in an 
emergency situation. The risk of a transfusion reaction 
is greatest if a type B cat is given type A blood, as al- 
most all type B cats have high titres of anti-A antibod- 
ies that result in rapid intravascular haemolysis (with 
complement activation) of the donor red blood cells. 
Signs of an acute haemolytic transfusion reaction may 
occur after a B cat has received as little as 1 ml of type 
A blood. Initially the cat may appear either depressed 
or agitated with bradycardia, apnoea or hypopnoea; it 
may also vocalize, salivate, urinate and defecate (signs 
typical of an anaphylactic reaction). If cats survive this 
initial phase, they may become tachycardic and tachy- 
pnoeic, and haemolysis and haemoglobinuria may be- 
come evident. Type A cats generally have weak anti-B 
antibodies, that are usually of a low titre. The transfu- 
sion reaction if a type A cat receives type B blood is 
usually less severe, resulting in accelerated destruc- 
tion of the red blood cells primarily due to extravascu- 
lar haemolysis. The clinical signs observed in these 
patients are usually milder, and most often recognized 
by a rapid drop in PCV within days after a transfusion. 
Thus, type A cats must only receive type A blood and 
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type B cats must only receive type B blood. The rarer 
type AB cats do not possess either alloantibody. Type 
AB cats should ideally receive type AB blood, but when 
that is not available type A blood is the next best choice. 

The presence of naturally occurring alloantibodies 
may cause neonatal isoerythrolysis in type A and AB 
kittens born to a type B queen, due to the ingestion of 
colostral anti-A alloantibodies in the first few days of 
life. Clinical signs of neonatal isoerythrolysis may de- 
velop within hours to days of colostrum ingestion, and 
include anaemia, haemoglobinaemia, jaundice, and 
in some cases death as a consequence of red cell 
haemolysis. Knowledge of the blood type of breeding 
cats and offspring, and removal and foster nursing of 
at-risk kittens for the first 2-3 days of life can prevent 
this transfer of colostral antibody and subsequent 
neonatal isoerythrolysis. 

Breeds with a documented increased prevalence 
of type B compared to the non-pedigree cat popula- 
tion include: British Shorthair, Devon Rex, Persian, 
Somali, Abyssinian, Himalayan, Birman, and Scottish 
Fold. Previous prevalence reports from the US and 
UK suggest that the majority of domestic non- 
pedigree cats are type A (92.1-98.2%); however, re- 
cent studies indicate that the prevalence of type B is 
increasing. 

Blood typing can be performed by several meth- 
ods, including tube and slide agglutination assays, gel 
column and card methods. Blood typing by these 
methods indicates agglutination in the presence of A 
or B cells, determining the blood type as type A or B. 
The simplest in-house method available is the use of 
a blood typing agglutination test card with monocolonal 
anti-A antibodies and Triticum vulgaris lectin as the B 
agglutinin (Figure 14.1), although alternative in-house 
testing methods are being evaluated. Agglutination 
with both antigens A and B determines that the cat is 
type AB. Autoagglutination must be excluded prior to 
typing, and as in dogs false results may occur in anae- 
mic cats. 


Feline blood type 
card — agglutination 
in the Patient Test 
Type A well identifies 
the cat as having 
type A blood. 
(Courtesy of dms 
laboratories, inc.). 
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Occasionally type AB cats may not be correctly 
identified, as only a weak agglutination reaction 
may occur in the A well. Although type AB cats are 
rare, this error could lead to misinterpretation of 
the result as type B, with the potential for admini- 
stration of a mismatched transfusion (type B blood 
to a type AB cat). When using the card method, it 
has been recommended to confirm AB or B typing 
results with either alloantibody or crossmatch 
testing, or using an alternative typing method at a 
commercial laboratory. 


Crossmatching 

Crossmatching is performed to determine the sero- 
logical compatibility between the patient and the 
donor red blood cells. Crossmatching in dogs should 
be performed whenever: 


* The recipient has been previously transfused 
more than 4 days prior, even if a DEA 
1.1-negative donor was used 

* There has been a history of a transfusion 
reaction 

* The recipient's transfusion history is unknown 

* The recipient has been previously pregnant. 


Crossmatching allows detection of previous 
sensitization, but does not prevent new sensitization 
from occurring. Once the recipient receives a transfu- 
sion and 4—5 days elapse, crossmatches must be re- 
peated as the recipient may no longer be compatible 
with the same donors. 

The major crossmatch is an assessment of the 
compatibility, as assessed by agglutination, between 
the donor RBCs and patient plasma/serum. The 
minor crossmatch assesses the interaction between 
the donor plasma/serum and patient RBCs. Minor 
crossmatch incompatibilities are less frequently the 
cause of haemolytic transfusion reactions and are 
mostly of concern when large volumes of plasma 
are to be administered. Patient autoagglutination or 
haemolysis may result in incompatibility and a control 
should be run with the patient RBCs and patient 
serum (Figure 14.2). Some animals may have anti- 
bodies at too low a level to be detected by crossmatch 
and may then experience a mild haemolytic reaction 
despite an apparently compatible result. 

Cats should have a crossmatch performed if they 
require more than one transfusion, as previously trans- 
fused blood (even though it was the same A-B type) 
may induce antibody production against RBC antigens 
separate from the A-B blood group system. If the 
donor or recipient blood type is unknown, a cross- 
match must be performed. A recently detected novel 
red cell antigen causing crossmatch incompatibility in 
a type A cat has prompted a recommendation that 
crossmatching may be necessary prior to even a first 
blood transfusion in cats. 

Despite using blood products from a crossmatch- 
compatible donor, it is still possible for a patient to 
experience a haemolytic or non-haemolytic transfu- 
sion reaction, and recipient monitoring during and 
after administration of blood products is essential. 


Standard crossmatch procedure 

1. Collect blood into an EDTA tube from recipient and donor. 
Alternatively for the donor sample, a segment of anticoagulated 
blood from the donor blood tubing may be used. 

2. Centrifuge tubes to settle the red blood cells, remove the 
SE ee labelled glass or plastic 


3. EIR Eee 
solution, discard the supernatant after each wash. 

4. Re-suspend the washed red blood cells to create a 3-5% 
solution by adding 0.2 mi of red blood cells to 4.8 ml of normal 
saline (or 1 drop RBC:20 drops saline). 

5. For each donor prepare three tubes labelled as major, minor 
and recipient control. 

6. Add to each tube 1 drop of the appropriate 3-5% red blood 
Cells and 2 drops of plasma according to the following: 

— Major crossmatch = donor red blood cells + recipient plasma 
- Minor crossmatch = recipient red blood cells + donor 


plasma 
— Recipient control = recipient red blood cells + recipient 
plasma. 


7. Incubate the tubes for 15 minutes at room temperature. (Ideally 
Senne wren a 
37°C.) 

8. Centrifuge the tubes at 1000 x g for approximately 15 seconds 
to allow the cells to settle. 

9. Examine the samples for haemolysis (reddening of the solution). 


10. Gently tap the tubes to resuspend the cells, examine and score 
the tubes for agglutination as follows: 
4+ one solid aggregate of cells 
3+ several large clumps/aggregates of cells 
2+ medium sized clumps/aggregates of cells, clear background 
1+ small/microscopic aggregates of cells, turbid reddish 


+ microscopic aggregates. 

11. If macroscopic agglutination is not observed, transfer a small 
amount of the tube contents to a labelled glass slide and 
examine for microscopic agglutination (take care not to confuse 
with rouleaux formation). 

12. Recipient control: 

— if there is no haemolysis or agglutination noted in the 
recipient contro! tube, the results are valid and 
incompatibilities can be interpreted 

— If there is haemolysis or agglutination present in equal 
scoring to the donor test samples, the compatibility and 
Suitability of the donor cannot be accurately assessed. 


Feline crossmatch abbreviated slide procedure 


An alternative procedure for crossmatch analysis in a cat involves 
visualizing the presence of agglutination on a slide rather than in a 
test tube. 


1. Follow crossmatch procedure steps 1-2 above. 

2. For each donor prepare three slides labelled as major, minor 
and recipient control. 

3. i an arcana made gma 
slide according to the following: 
- Major crossmatch = donor red blood cells + recipient plasma 
- Minor crossmatch = recipient red blood cells + donor plasma 
- Recipient control = recipient red blood cells + recipient 

plasma. 


4. Gently rock the slides to mix the plasma and red cells and 
examine for haemagglutination after 1-5 minutes (presence of 
agglutination indicative of incompatibility); recipient 
agglutination will invalidate results. 


| 14.2 | Crossmatch procedure 
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Collection, processing and storage 
of blood 


Blood collection systems 

All whole blood collection should take place in an asep- 
tic manner and should use an appropriate anticoagulant. 
The anticoagulant solutions most often used are 
ACD (acid-citrate—dextrose), CPD (citrate-phosphate— 
dextrose) or CPDA-1 (citrate-phosphate—dextrose— 
adenine). Most of the commercially available blood 
collection systems contain either CPD or CPDA-1. 
ACD is more often used in open systems when col- 
lecting smaller volumes of blood. The volume of anti- 
coagulant used and the duration of time for which the 
blood product can be stored varies depending on the 
composition of the anticoagulant and the collection 
method. ACD is used at a ratio of 1 ml of anticoagu- 
lant to 7-9 ml of blood and CPD and CPDA-1 are 
typically used in a ratio of 1 ml anticoagulant to 7 ml 
of blood. Use of other anticoagulants (e.g. sodium 
citrate, heparin) is not recommended. 

Whole blood may be collected using a closed or 
open collection system. A closed system is one in 
which the only exposure of the collection bag or its 
contents to air prior to administration is when the nee- 
dle is uncapped to perform venipuncture during col- 
lection. Examples of a closed system are commercially 
available 450 ml blood collection bags containing 63 
ml of CPD or CPDA-1 anticoagulant with an attached 
16 gauge needle. These are most commonly used to 
collect blood from donor dogs weighing >25 kg. Multi- 
bag systems with empty transfer satellite bags and 
red cell preservative may be used for component 
processing (Figure 14.3). Packed red blood cells pre- 
pared from CPDA-1 closed-collection system process- 
ing have a storage life of 20 days when maintained at 
1-6°C. Whole blood collected into CPD or CPDA-1 in 
a similar manner has a storage life of 28 days or 35 
days respectively. 


| 14.3 | Example of a commercially available closed 
collection system with multiple connecting 
bags allowing processing of whole blood and storage as 
packed red cells and plasma 


Any system in which there is one or more addi- 
tional site of potential bacterial contamination during 
blood collection or processing is by definition an 
open system. All blood products collected in an open 
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system must be administered within 4 hours, or if 
stored in a refrigerator (1-6°C) they must be used 
within 24 hours. Blood collection using syringes or 
empty bags with added anticoagulant, as used in cats 
and for other small-volume collections, is classified 
as an open system (Figure 14.4). 


| 14.4 | Example of an open collection system. A 
syringe and butterfly catheter may be used for 
small volume blood collections. The paediatric 18 um 
filter (Hemo-Nate®, Utah Medical Products Inc.) in the top 
left corner may be used as an in-line filter during blood 
administration. 


The volume of blood that may be collected safely 
from canine and feline donors is approximately 20% 
of their blood volume, every 3—4 weeks. A recom- 
mended volume limit is 18 ml/kg for dogs and 10-12 
ml/kg for cats. Most volunteer donor schemes using 
client-owned pets as donors extend the donation 
interval to every 8 weeks. 


Donor health check 

Prior to every donation, information on the donor ani- 
mal is reviewed and a brief questionnaire is completed 
by the owner. The age and general good health of the 
donor and the date of the last donation are confirmed. 
Many aspects will have been covered during the 
donor selection procedure; however, it is important 
to assess any changes in status of those that are 
repeat donors. A full physical examination is performed 
and noted in the donor file. A small sample of blood 
for measurement of PCV or Hb level is obtained prior 
to every donation to ensure the donor has a normal 
red cell mass. The result is recorded in the donor file. 
This also allows the recognition of trends in the donor 
animal's PCV over time. 


Blood collection 

The jugular vein is the recommended venipuncture 
site in both dogs and cats, because of its size and 
accessibility. Collection should be initiated with a rapid, 
uninterrupted single stick to avoid cell damage or ex- 
cessive activation of coagulation factors. Strict asep- 
tic technique and the use of sterile equipment 
minimizes the possibility of bacterial contamination. 
All donors must be closely monitored during blood 
collection by assessing their mucous membrane col- 
our, pulse rate and quality, and respiratory rate and 
effort. If any concerns develop, the donation should 
be discontinued. 
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Most dogs are able to donate blood without the 
use of sedation, and it is preferable to train a donor to 
the procedure. Placing the dog in lateral recumbency, 
on a soft blanket on a table, facilitates comfortable 
restraint (for donor and veterinary personnel) for the 
period of approximately 10 minutes required for blood 
collection (Figure 14.5). This position also allows 
adequate digital pressure to be applied to the veni- 
puncture site for haemostasis whilst the animal 
maintains a recumbent position following donation. 
Other positions in decreasing order of author prefer- 
ence include sitting, standing and sternal recumbency. 


( 14.5 | Blood donation with the donor dog in lateral 
recumbency using a closed collection system. 


Collection of whole blood from dogs using a com- 
mercial blood bag may be accomplished via gravity 
alone (Figure 14.6); however, use of a specialized 
vacuum chamber may decrease the donation time 
and therefore the amount of time the donor must 
be restrained (Figure 14.7). A cylindrical acrylic 
plastic chamber houses the collection bag during 
the donation, with the tubing to the donor passing 
out through a notch at the top of the chamber. A 
vacuum source that can be regulated at low vacuum 
pressures (<33.8 kPa (254 mmHg)) is attached to 
the chamber, and the entire chamber, with collection 
bag inserted, is placed on a gram scale (Figure 14.8). 
The gram scale is used to monitor the weight of the 
bag during collection, to ensure that an adequate 
but not excessive amount of blood is collected, in 
order to preserve the appropriate anticoagulant to 
blood ratio. When collecting blood via gravity alone 
(Figure 14.6), the bag should be placed on a gram 
scale and the weight of the bag and anticoagulant 
measured prior to venipuncture. Again, the bag 
should be weighed during donation to confirm col- 
lection of the correct blood volume. The volume of 
blood that should be collected into a commercial 
blood bag is 450 ml, with an allowable 10% variance 
(405-495 ml). The weight of 1 ml of canine blood 
is approximately 1.053 g; therefore, the weight of 
an acceptable unit using one of these bags is approx- 
imately 426-521 g. 
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Clip hair over the jugular groove and apply local anaesthetic (e.g. EMLA) cream. This is usually performed at the time of the health check, prior 
to the donor being placed on the donation table. 

Restrain the animal securely and comfortably (lateral recumbency on a table is recommended). 

Prepare the area aseptically. 

a fy PE TETAN at a E gs 
ncture site 
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the needle is exposed. 

Remove the needle cap and perform venipuncture using the 16 gauge needle attached to the collection bag. Remove the clamp or the 

haemostat. If no flashback of blood is seen in the tubing check the needle placement and check for any occlusion in the donor tubing. The 

needle may be repositioned, however it should not be fully withdrawn from the patient. If the needle is withdrawn, the line must once again be 

clamped to prevent entry of air into the bag. 

The bag should be positioned lower than the donor to aid in gravitational flow. Suction may assist in collection by use of an appropriately 

vacuum chamber (see Figure 14.7). 

8. Periodically invert the bag gently to mix blood and anticoagulant. 

9. When the bag is full (405-495 ml blood = 426-521 g weight), clamp the donor tubing, remove the needle from the jugular vein and apply 
pressure to the venipuncture site to prevent haematoma formation. 

10. Allow the tubing to refill with anticoagulated blood and clamp the distal (needle) end with a hand sealer clip or heat sealer. If these are not 
available a tight knot may be tied in the line. 

11. Clamp the entire length of tubing in 10 cm segments to be used for crossmatches. 

12. Label the bag with product type, donor identification, date of collection, date of expiration, donor blood type, donor PCV (or Het or Hb) and 
phlebotomist identification prior to use and storage. 

eatin 4 a ct es eee ee 

extraction). 
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| 14.6 | Procedure for canine whole blood collection. 


Place the vacuum chamber on the gram scale. 

Place the collection bag in the chamber, hanging the bag from the clip on the chamber lid. 

Exit the donor tubing by placing it in the notch on the top of the chamber. Ensure that enough tubing length remains within the cylinder to 

prevent occlusion (tight kinking of the line) during collection. 

Place the lid on the chamber and turn the suction on to a low level (7 kPa (50 mmHg)). Try to gently lift the chamber by the lid to ensure an 

adequate vacuum seal. If the seal is not tight, or if a whistling noise is heard, place a small piece of moistened cotton at the notch where the 

tubing exits the chamber. 

The suction machine must be turned off before venipuncture is performed on the donor. Follow steps 1-6 listed in canine whole blood 

collection procedure (Figure 14.6). 

Once a flashback is obtained in the donor tubing line, turn on the suction machine. The recommended vacuum pressure is 6.5-24 kPa (50-180 

mmHg). Gentle mixing of the blood and anticoagulant during collection is less necessary during vacuum-assisted collection than gravity flow 

collection. However, if the chamber must be entered during the collection (slowing or cessation of blood flow, checking tube for occlusion) 

suction must be discontinued while adjustments are being made. 

7. When the bag is full (405-495 ml blood = 426-521 g weight), turn off the suction, clamp the donor tubing, remove the needle from the jugular 

vein and apply pressure to the venipuncture site to prevent haematoma formation. 

Allow the tubing to refill with anticoagulated blood and clamp the distal (needle) end with a hand sealer clip or heat sealer. If these are not 

available a tight knot may be tied in the line. 

9. Clamp the entire length of tubing in 10 cm segments to be used for crossmatches. 

10. Label the bag with product type, donor identification, date of collection, date of expiration, donor blood type, donor PCV (or Het or Hb) and 
phlebotomist identification prior to use and storage. 

If using a multiple bag system for blood component preparation, steps 8-10 may be replaced by the processing procedure (centrifugation, plasma 

extraction). 
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Procedure for vacuum-assisted collection. 


go Cats typically require sedation. It is suggested that 
each practice develop a safe protocol with which they 
paren test aa beg are comfortable, and that works with their donor ani- 
place. Suction is mals. Examples include combinations of ketamine and 
applied to the chamber midazolam intravenously or isoflurane/oxygen anaes- 
facilitating rapid blood thesia by mask (Figure 14.9). Asuggested procedure 
collection. The entire for collection of feline blood using an open collection 
apparatus is placed on system is shown in Figure 14.10. As a safety precau- 
a set of pay “ng tion, cats should have an intravenous catheter placed 
sce located Poke me as part of the donation procedure. 
collected can be Following donation, food and water are offered to 
monitored canine donors. Activity should be restricted to lead 


walks only for the next 24 hours, and it is advised that 
a harness or lead passed under the chest is used in- 
stead of a neck collar and lead, to avoid pressure on 
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Butorphano! 0.1-0.2 mg/kg + diazepam 0.5 mg/kg i.v. (same syringe) 


Ketamine 2 mg/kg and midazolam 0.1 mg/kg i.v. (same syringe), additional boluses of one quarter to half the original dose as needed 
Ketamine 5-10 mg/kg and midazolam 0.2 mg/kg i.m. (same syringe) with additional boluses of ketamine 1.0 mg/kg i.v. as needed 


Mask isoflurane/oxygen anaesthesia 


| 14.9 | Examples of feline donor sedation protocols. 


An 18 gauge needle, 19 gauge butterfly catheter, or 18 gauge over-the-needle intravenous catheter is required for dogs; typically 
a 19 or 21 gauge butterfly catheter is used for cats. Syringes for collection should be prefilled with an appropriate anticoagulant 


(1 ml CPDA-1 per 7 mi blood). 


1. Cats typically require sedation. An intravenous catheter is placed in the cephalic vein of the feline donor, either before (preferable) or after 
sedation for the purpose of administering intravenous fluids after the blood donation. 


2. Steps 1-4 are performed as in the canine whole blood collection method (Figure 14.6). The feline donor is restrained in sternal recumbency, 


with the forelimbs over the edge of a table and the head raised. 


3. Perform venipuncture. Without removing the needle, fill each syringe in turn. The syringe can be gently rocked to ensure mixing of blood and 


anticoagulant during collection. If an over-the-needle catheter is used, remove the stylet 
into the vein. Attach an extension set, and fill each syringe in turn. 


following the venipuncture and advance the catheter 


4. Invert the syringes gently several times after collection to mix blood and anticoagulant. 
5. After collection remove the needle from the jugular vein and apply pressure to the venipuncture site to prevent haematoma formation. 


(14.10 | Procedure for syringe method of collection. This is most commonly used for collection of feline blood or small 
volumes of canine blood or when closed collection systems are not available. 


the jugular venipuncture site. Donor cats, after com- 
pletion of the donation, should receive intravenous 
fluid replacement in the form of 30 ml/kg of intravenous 
crystalloid solution over approximately 3 hours. The 
feline donor must be closely observed during recov- 
ery from sedation/anaesthesia and may be offered 
food and water once fully awake. 


Blood component processing 

Initial blood collection yields fresh whole blood. Whole 
blood can either be stored or separated into packed 
red blood cells, fresh plasma, stored plasma or plate- 
let-rich plasma concentrates (Figure 14.11). In large 
veterinary centres with a high emergency and critical 
care caseload, preparation of blood components be- 
comes essential to extend resources. The use of blood 
components permits specific replacement therapy and 


SNY partially thawed 
entrifugation 


CPP 


reduces the number of transfusion reactions. 

Blood component processing requires variable- 
speed, temperature-controlled centrifuges to produce 
most of the products described. The precise centrifu- 
gation protocol used depends on the centrifuge but 
separation of whole blood into packed cells and 
plasma typically requires centrifugation at 5000 x g 
for 5 minutes (not including deceleration time) at 4°C. 
To prevent microbial contamination a closed collec- 
tion system must be used, and the transfer of compo- 
nents to satellite bags must be contained within the 
system by integral tubing. The tubing should be sealed 
prior to unit storage using either a handheld clip sealer 
or heat sealer. If blood is collected into an open sys- 
tem it should be refrigerated and administered within 
24 hours, therefore use of blood component therapy 
is less applicable. 


Component 
processing 
(FFP, fresh frozen 
plasma; PRBC, packed 
red blood cells; 
PRP, platelet rich plasma; 
CPP, cryoprecipitate 
poor plasma; 
Cryo, cryoprecipitate; 
PC, platelet concentrate). 


Storage 

Red cell products should be stored in a refrigerator 
maintained at 1-6°C, with the bag in an upright posi- 
tion. Positioning the bag in this manner maximizes 
gas exchange with the red cell solution to help pre- 
serve the viability of the red blood cells during stor- 
age and following transfusion. The shelf life of the 
product is based on the anticoagulant—preservative 
solution used in collection. Specialized blood storage 
refrigerators with built-in temperature alarms are avail- 
able, or a dedicated regular household refrigerator with 
low in-and-out traffic may be used. The refrigerator 
thermometer should be checked daily to ensure ap- 
propriate storage conditions. 

Almost all of the plasma products are stored fro- 
zen at —20°C or below. Regular household freezers 
may suffice, but the temperature may vary depending 
on the section of the freezer used. The temperature 
should be checked daily using a thermometer, and 
opening and closing of the freezer should be mini- 
mized. When initially freezing the plasma an elastic 
band should be placed around the bag, which is re- 
moved once it has frozen. This creates a ‘waist’ in the 
bag (Figure 14.12). Disappearance of this ‘waist’ dur- 
ing storage would suggest that the unit has thawed 
and refrozen, signifying compromise of storage con- 
ditions and plasma quality. The entire plasma bag 
should be enclosed in a sealed plastic bag, in which it 
should remain during plasma thawing, to protect the 
injection ports from contamination. The frozen plasma 
unit is vulnerable to cracking if dropped, and should 
be handled with care. 


A unit of fresh 
frozen plasma 
showing the ‘waist’ 
created by freezing 
with a rubber band 
in place. 


All blood products should be labelled with product 
type, donor identification, donor blood type, date of 
collection and date of expiration. 


Use of blood products 


Red cell products 

Fresh whole blood (FWB) is collected following strict 
aseptic technique as described above, not refriger- 
ated, and used within 8 hours of collection. All blood 
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components (red blood cells (RBCs), platelets, labile 
and stable coagulation factors, plasma proteins) are 
present and functional. FWB is the product most com- 
monly used in private veterinary practices; however, 
if components are available, the administration of 
FWB is restricted to those anaemic patients with 
concurrent haemostatic defects. FWB not used within 
8 hours of collection may be stored in a refrigerator 
at 1-6°C for approximately 28 or 35 days when col- 
lected in CPD or CPDA-1, respectively. The unit is 
then classified as stored whole blood (SWB), which 
differs from FWB only by the absence of functional 
labile clotting factors and platelets. When available, 
SWB may be useful in anaemic animals with con- 
current hypoproteinaemia. 

Packed red blood cells (PRBCs) are separated from 
the plasma prior to storage by centrifugation or sedi- 
mentation. The unit must be collected in a bag that has 
attached satellite bags, to allow extraction and transfer 
of plasma within a closed system. The remaining 
packed red blood cell unit provides the same red cell 
properties as a unit of whole blood. PRBC transfusion 
is indicated in severely anaemic animals that need 
additional oxygen-carrying support. The packed cell 
volume of the unit is greater than that of whole blood 
and is usually in the range of 70-80%, with the volume 
yield dependent on the donor haematocrit. PRBCs 
may be stored at 4°C for 20 days, with an extension to 
35 days if preservative solution is added. 


Plasma products 

Fresh frozen plasma (FFP) is separated from PRBCs 
and frozen within 8 hours of collection. FFP provides 
the labile coagulation factors V and VIII, as well as all 
other coagulation factors and plasma proteins. Plasma 
that is refrozen after thawing or plasma prepared 
and frozen more than 8 hours post collection loses its 
labile coagulation factors. Typically, plasma must be 
placed in the freezer within 6 hours of collection to 
ensure adequate hard freezing within the 8-hour 
interval. FFP is indicated in animals with acquired or 
inherited coagulopathies (inherited factor deficiencies, 
vitamin K deficiency, disseminated intravascular co- 
agulation (DIC), severe liver disease), and may be 
used prophylactically in surgical patients with known 
coagulopathies or at the time of active bleeding. As 
FFP contains other plasma proteins, it may be used 
in animals with hypoproteinaemia; however large 
volumes and repeated transfusions are required to 
produce a Clinically significant and sustained improve- 
ment in plasma protein. FFP may be stored for up to 
1 year when frozen below —20°C. 

Stored frozen plasma (SFP) is FFP that is more 
than 1 year of age, plasma that was not frozen quickly 
enough to protect labile factors, or FFP that was thawed 
and refrozen without opening the bag. Many useful clot- 
ting factors and anti-inflammatory proteins will have 
been lost, but SFP can be used for colloidal support 
(hypoproteinaemia) and may still provide some vita- 
min K-dependent factors. SFP may be stored frozen at 
—20°C for 5 years from the date of collection. 

Platelet-rich plasma (PRP) and platelet concentrate 
(PC) may be prepared from FWB; however, these prod- 
ucts are some of the most challenging to prepare due 
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to the delicate nature of platelets. To enhance survival 
and function of the platelets in the resulting product, 
extreme care and attention must be given to the unit 
during all phases of handling. Leucocyte reduction fil- 
ters (present in many commercially available blood 
bags) will also remove platelets, thus blood collected 
for production of platelet products must use a collec- 
tion bag without an in-line pre-storage leucocyte re- 
duction filter. Fresh whole blood is centrifuged on a ‘light’ 
spin, the actual rate and time of which depends on the 
particular centrifuge, with a goal of producing a plate- 
let unit containing at least 5 x 10" platelets. An exam- 
ple of a protocol is 2000 x g for 2.5 minutes at 20—-24°C 
(i.e. a lower centrifugation speed and time compared 
with preparation of PRBCs and FFP), and the prod- 
uct is not refrigerated. PRP is separated from the 
PRBCs, and may either be administered to the recipi- 
ent, stored (see below) or further processed into PC 
and FFP. To make PC, PRP, with an attached empty 
satellite bag, is centrifuged at 5000 x g for 5 minutes. 
All but approximately 35-70 mi of the supernatant 
plasma is transferred into the empty bag and frozen 
(producing FFP), leaving the platelet concentrate ina 
small volume of liquid plasma in the second bag. PRP 
and PC may be stored at 20-24°C, with gentle agita- 
tion, for 5 days when collected using a closed sys- 
tem. As they are stored at a higher temperature than 
other blood products, platelet products are more sus- 
ceptible to bacterial contamination, and if collected in 
an open system, they should be used within 4 hours 
of collection. These products are used when there is 
uncontrollable, severe or life-threatening bleeding (e.g. 
intracranial haemorrhage), although the difficulties 
associated with their production often result instead 
in the use of more readily available fresh whole blood. 

Cryoprecipitate (Cryo) is a plasma component that 
is prepared by freeze-thaw precipitation of proteins. 
Preparation of Cryo provides a source of concentrated 
von Willebrand factor, factor VIII, factor XIII, fibrino- 
gen and fibronectin from a unit of FFP; these precipi- 
tated proteins are then resuspended in a small volume 
of the liquid plasma. Cryo can be prepared from FFP 
within 12 months of collection. A unit of FFP is slowly 
thawed until of a slushy consistency or until only ap- 
proximately 10% of the plasma remains frozen, and 
then centrifuged at 5000 x g at 4°C for 5 minutes. The 
cryo-poor plasma (CPP, the cryosupernatant) is ex- 
pressed, leaving behind the Cryo in a small volume of 
plasma (10-15 ml). CPP contains many clotting fac- 
tors (including vitamin K-dependent factors Il, VII, IX 
and X), as well as other anticoagulant and fibrinolytic 
factors, albumin and globulin, which had been present 
in the unit of FFP. The Cryo and remaining CPP are 
immediately refrozen and should be used within 1 year 
of original collection. The administration of desmo- 
pressin (DDAVP) 30—120 minutes prior to donation 
will increase the amount of von Willebrand factor in 
the donor's fresh frozen plasma, and increase Cryo 
yield. Cryo is used in the management of patients with 
bleeding due to deficiency or dysfunction of factor VIII 
(haemophilia A), von Willebrand factor or fibrinogen. 
CPP may be used for treatment of hypoproteinaemia 
or coagulopathies that do not require supplementa- 
tion of the Cryo components. 
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Haemoglobin-based oxygen carriers 
Oxyglobin is a sterile solution of purified, polymerized 
bovine haemoglobin that increases plasma haemo- 
globin concentration, shifting the majority of the oxy- 
gen content of the blood to the plasma and increasing 
the oxygen-carrying capacity of the blood. It has been 
approved for use in dogs for the treatment of anae- 
mia, regardless of cause. Although Oxyglobin has 
been used in cats to provide oxygen-carrying support 
in cases of anaemia, it is not licensed for use in this 
species. Oxyglobin should be administered with care. 
It is a very effective colloid and produces a great deal 
of intravascular volume expansion, therefore patients 
receiving it should be monitored for evidence of cir- 
culatory overload and possible development of pul- 
monary oedema and/or pleural effusion. Plasma Hb 
concentrations of patients who have received 
haemoglobin-based oxygen-carrying solutions should 
be monitored using a haemoglobinometer. 


Blood product selection 

Blood products are used to treat a variety of condi- 
tions, including those associated with anaemia 
(haemorrhage, haemolysis or reduced erythro- 
poiesis), coagulopathies, sepsis, DIC and specific 
factor deficiencies. 

RBC products provide the recipient with additional 
red cell mass to increase the oxygen-carrying capa- 
city of the blood, and thus improve oxygen delivery to 
peripheral tissues. There is not a precise packed cell 
volume (PCV) below which a transfusion is required, 
although any patient with a PCV <20% should be con- 
sidered a potential candidate, and almost all patients 
would benefit once the PCV is <12%. In some ani- 
mals with peracute blood loss and hypovolaemia, red 
cell transfusions may be used even though their PCV 
may still be normal. These patients will predictably 
develop a low PCV following fluid resuscitation with 
asanguineous fluids. The decision to transfuse red 
cells is therefore based on several factors, including 
the haemoglobin concentration (or PCV), onset of 
anaemia (acute versus chronic), presence of ongo- 
ing losses and, most importantly, the clinical signs of 
the patient. Tachypnoea, tachycardia, bounding peri- 
pheral pulses, collapse, lethargy and weakness are 
all signs that should prompt consideration of a red 
cell transfusion. If RBCs are not available, Oxyglobin 
infusion may also be considered. 

Plasma products are a source of coagulation fac- 
tors and various plasma proteins, and deficiencies of 
these factors or selected proteins are indications for 
their use. The benefit of plasma transfusion to a hypo- 
proteinaemic patient is limited; the half-life of albumin 
is very short and in animals with protein-losing dis- 
eases many units of plasma would be required to cor- 
rect the albumin deficit (see Chapter 4). Other modes 
of therapy (nutritional support, use of colloids) are 
suggested for this condition. 


Blood product administration 

Blood products are usually administered intravenously, 
but may also be given via the intraosseous route if 
venous access cannot be obtained (e.g. kittens, pup- 
pies). They should not be given intraperitoneally. An 


in-line blood filter (170-260 um) is required for all blood 
products (including plasma) and is incorporated in 
standard blood infusion sets. A paediatric filter with 
reduced dead space, or microaggregate filters of 
18—40 um, can be useful for infusing smaller volumes 
of products or blood collected in syringes. Stored red 
cell products do not need to be warmed prior to use, 
unless they are being given to neonates or very small 
animals. Plasma products are gently thawed in a warm 
water bath prior to administration. Packed red cells 
stored without preservative may be resuspended in 
or co-administered with 100 ml of physiological sa- 
line to decrease their viscosity. 

The amount of blood product to be administered 
depends on the specific product, desired effect and 
patient's response. A general rule of thumb is that 2 ml 
of transfused whole blood/kg recipient weight will raise 
the PCV by 1%. However, it is important to bear in 
mind that the degree to which the PCV is elevated 
depends on the extent of ongoing blood loss, and also 
whether other fluids or colloids are being concurrently 
administered. Most patients will receive between 10 
and 22 ml/kg, and a suggested formula to calculate 
the amount of whole blood required for transfusion is: 


Volume (ml) = 85 (dog) or 60 (cat) x BW (kg) 
x [(Desired PCV — Actual PCV)/Donor PCV] 


For PRBC or FFP the average volume for infusion 
is 6-12 ml/kg. 

The rate of blood product administration depends 
on the cardiovascular status of the recipient. In gen- 
eral, the rate should only be 0.25—1.0 ml/kg/h for the 
first 20 minutes. If the transfusion is well tolerated, 
the rate may then be increased to deliver the remain- 
ing product within 4-6 hours. In an animal with an 
increased risk of volume overload (cardiovascular dis- 
ease, impaired renal function) the rate of administra- 
tion should not exceed 3—4 mi/kg/h. If it is likely to 
take more than 4 hours to deliver the desired volume, 
the product may be divided so that a portion remains 
refrigerated for later use. 

Animals should not receive food or medications 
during a transfusion, and the only fluid that may be ad- 
ministered through the same catheter is 0.9% saline. 

Visual inspection of the product is necessary, espe- 
cially when using stored red cells or plasma. Discolor- 
ation of the red cells (brown, purple) or the suspen- 
sion fluid, or the presence of clots, may indicate 
bacterial contamination, haemolysis or other storage 
lesions. Plasma bags must be examined for evidence 
of thawing and refreezing, or cracking and tearing of 
the bag. 

The dose listed for Oxyglobin in a normovolaemic 
dog is 10-30 ml/kg at a rate <10 mi/kg/h, although 
many dogs will require much lower administration 
rates. It must be remembered that haemoglobin-based 
oxygen-carrying solutions act as powerful colloids, 
therefore there is a significant risk of volume over- 
load if they are given at high rates. Off-label use in 
cats is based on reported clinical experience, with a 
suggested total daily dose of 10—15 ml/kg adminis- 
tered at rate of 1-2 ml/kg/h. Even lower rates (2-3 
ml/h) may be needed in euvolaemic feline patients as 
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cats are more susceptible to volume overload. The 
administration rate should be chosen based on as- 
sessment of the patient and whether the product is 
being used for oxygen-carrying support in a 
euvolaemic animal (in which case slow infusion rates 
are chosen) or whether the product is being used ina 
hypovolaemic patient, in which case larger bolus 
doses can be used similar to those of other colloid 
fluids (see Chapter 4). An in-line filter is not required 
with use of this solution. 


Monitoring transfusions 
The following parameters should be measured prior 
to (baseline), every 15-30 minutes during, and 1, 12 
and 24 hours after transfusion: 


Attitude 

Rectal temperature 

Pulse rate and quality 

Respiratory rate and character 
Mucous membrane colour and CRT 
Plasma and urine colour. 


The PCV/TP should also be monitored prior to, upon 
completion and at 12 and 24 hours after transfusion. 

It is helpful to design a transfusion monitoring 
sheet, with time points and monitoring parameters 
noted, to encourage diligent recording during and af- 
ter the transfusion. Careful monitoring will allow for 
prompt recognition and treatment of transfusion re- 
actions as well as evaluation of transfusion efficacy. 


Adverse reactions 

Any undesired side effect noted as a consequence of 
a blood product transfusion is considered a transfu- 
sion reaction. The reported frequency of transfusion 
reactions is variable, as is their severity. Transfusion 
reactions may be classified as immunological (haemo- 
lytic or non-haemolytic) and non-immunological, as 
well as acute or delayed. 

Preventative measures necessary to minimize 
the risk of transfusion reactions include appropriate 
donor screening, collection, preparation, storage and 
administration of products. Adherence to standard 
protocols helps to ensure safety and efficacy of trans- 
fusions in practice. 


Immunological transfusion reactions 

The most concerning type of transfusion reaction is 
an acute haemolytic reaction with intravascular 
haemolysis. These are antigen-antibody, type II hyper- 
sensitivity reactions. This type of reaction is seen in 
type B cats receiving type A blood as well as DEA 
1.1-negative dogs sensitized to DEA 1.1 upon re- 
peated exposure. Clinical signs may include fever, 
tachycardia, dyspnoea, muscle tremors, vomiting, 
weakness, collapse, haemoglobinaemia and haemo- 
globinuria. These reactions may lead to shock, DIC, 
renal damage and, potentially, death. 

Treatment for an acute haemolytic transfusion 
reaction involves immediate discontinuation of the 
transfusion, and treatment of the clinical signs of 
shock, including fluid therapy. Anthistamines and cor- 
ticosteroids may be administered. Aggressive fluid 
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therapy may be required if the patient becomes hypo- 
tensive and patients should be carefully monitored for 
the development of fluid overload (measurement of 
central venous pressure (CVP), heart rate, lung aus- 
cultation). Blood pressure and urine output should be 
monitored as hypotension and oliguria may follow (see 
Chapters 3 and 8). 
Febrile non-haemolytic transfusion reactions and 
reactions to blood that has been contaminated with 
bacteria may have similar signs, with development of 
a significant fever during or shortly after the transfu- 
sion. The donor and recipient blood type should be 
confirmed and a crossmatch performed. The product 
type, date of expiration, volume and rate of admini- 
stration should be confirmed. A sample of donor and 
recipient blood should be examined for evidence of 
haemolysis, and saved for microbial culture and fur- 
ther infectious disease screening if needed. A Gram 
stain of donor blood may be helpful initially to investi- 
gate possible unit contamination, and, if bacterial con- 
tamination is suspected, broad-spectrum intravenous 
antibiotic therapy should be initiated. As DIC and re- 
nal failure may occur, monitoring the animals’ coagu- 
lation profile, urine output, blood urea nitrogen (BUN), 
creatinine and electrolytes is advisable. 

A delayed haemolytic reaction with extravascular 
haemolysis may be recognized 2-21 days post trans- 
fusion, with similar although less severe signs to an 
acute haemolytic reaction (+ bilirubinaemia/bilirubin- 
uria). The owner may notice jaundice or anorexia, and 
on examination the animal may be febrile or have an 
unexpected decline in PCV. This type of reaction less 
frequently requires intervention, other than perhaps 
administration of antipyretics. If the decline in red cells 
impacts the patient, a crossmatch must be performed 
prior to any subsequent transfusions. 

Non-haemolytic immunological reactions are acute 
type | hypersensitivity reactions (allergic or anaphy- 
lactic), most often mediated by IgE and mast cells. 
They have a range of clinical signs including urticaria, 
pruritus, erythema, oedema, vomiting and dyspnoea 
secondary to pulmonary oedema. If this type of reac- 
tion occurs, the transfusion should be discontinued 
and the patient examined for evidence of haemolysis 
and shock. Steroid medications (dexamethasone 
0.5-1.0 mg/kg i.v.) and antihistamines may be required. 
Suggested antihistamine dosages are as follows: 


* Chlorpheniramine, maximum recommended 
dose 0.5 mg/kg q12h in both cats and dogs: 
— Dogs: small to medium-sized, 2.5-5 mg i.m. 

qi2h 

— Dogs: medium to large, 5-10 mg i.m. qi2h 
— Cats: 2-4 mg/cat orally qi2h 

* Diphenydramine 1-2 mg/kg i.m. q12h dogs and 
cats. 


If the reaction subsides, the transfusion may 
be restarted at 25-50% of the previous rate. If there 
is evidence of an anaphylactic or anaphylactoid 
reaction/shock, adrenaline, intravenous fluids, anti- 
histamines, H, blockers (cimetidine, ranitidine), col- 
loids, dopamine and aminophylline may also be 
administered in addition to the above treatment 
measures as needed. 


Reactions to leucocytes and platelets may occur, 
manifested by a febrile non-haemolytic transfusion 
reaction, which may last up to 20 hours post transfu- 
sion. These are recognized as an increase in body tem- 
perature of >1°C without an obvious underlying cause. 

Other delayed immune-mediated transfusion re- 
actions include post-transfusion purpura (thrombo- 
cytopenia noted within the first week after blood 
transfusion), neonatal isoerythrolysis and immuno- 
suppression of the recipient. 


Non-immunological transfusion reactions 

Many non-immunological transfusion reactions have 
been described. Anaphylactoid reactions, which of- 
ten result from too rapid an infusion rate, may be seen. 
They tend to subside after discontinuation of the trans- 
fusion or reduction of the infusion rate. Circulatory 
overload may occur in any patient receiving exces- 
sive volumes of blood products, or those with cardiac 
or renal disease. Treatment with diuretics may be re- 
quired. Hypocalcaemia is identified most commonly 
following administration of large volumes of plasma 
or whole blood and is a result of citrate intoxication. 
Patients with impaired liver function are at greatest 
risk. Clinical signs of hypocalcaemia may be noted 
(vomiting, muscle tremors, tetany, electrocardiograph 
(ECG) changes) and treatment includes supplemen- 
tation with calcium chloride or calcium gluconate. 
Other recognized non-immunological reactions include 
polycythaemia and hyperproteinaemia, hypothermia, 
coagulopathy, thrombosis, microbial contamination, 
hyperammonaemia, hypophosphataemia, hyperkalae- 
mia, acidosis, pretransfusion (in vitro) haemolysis, 
haemosiderosis, air embolus and infectious disease 
transmission. 
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Reproductive and paediatric 


emergencies 


Gary C.W. England and Marco Russo 


Numerous reproductive disorders can produce acute 
onset and potentially fatal clinical disease in dogs 
and cats. Many of these conditions can be diagnosed 
and treated relatively easily. Information about the 
management, diagnosis and treatment of neonatal 
disease is, however, scant, and for many breeding 
establishments perinatal losses are a lamentable 
20%. This is despite the fact that most neonatal 
care simply requires an understanding of the normal 
physiological requirements of this age group. The 
aim of this chapter is to review the diagnosis and 
treatment of reproductive tract emergencies as 
well as the care and management of the neonatal 
dog and cat. 


Reproductive emergencies in the 
non-pregnant female 


Pyometra 


Aetiopathology 

Pyometra is a disease of the luteal phase of the 
oestrous cycle, with most bitches and queens show- 
ing clinical signs between 5 and 80 days after the 
end of oestrus. In the queen, a luteal phase only 
follows ovulation, which is most commonly induced 
by coitus. Whilst corpora lutea are always present 
within the ovaries of bitches and queens with pyom- 
etra, progesterone concentrations are similar to those 
in healthy bitches at the same stage of the luteal 
phase (progesterone concentrations may be low at 
the time of presentation), and the functioning capa- 
city of the corpora lutea has been shown to be nor- 
mal. In the spontaneous disease, it appears that 
anogenital bacteria enter the uterus during oestrus 
and are able to persist and proliferate during met- 
oestrus (dioestrus). Bacterial contamination of the 
uterus during oestrus is common, but persistence 
does not occur unless there is either underlying uter- 
ine disease (cystic endometrial hyperplasia) or a 
particularly pathogenic (adhesive) organism. A fur- 
ther factor that must be considered in the aetiology 
of pyometra is the use of exogenous progestogens 
(for the control of oestrus) and oestrogens (for the 
treatment of unwanted mating). Progestogens have 
a stimulatory effect upon the uterus whilst oestro- 
gens enhance the effects of progesterone. 
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Clinical signs 

Animals are initially lethargic and inappetent with 
vomiting, polydipsia and polyuria. Later there may be 
a vulval discharge, which in some cases is associ- 
ated with improvement in the clinical signs. In other 
cases, the animal remains unwell and there is no dis- 
charge of pus; if these cases are undiagnosed they 
generally end fatally, often within 14-21 days from 
the onset of clinical signs. The cervix remains closed 
throughout. Death is generally due to septic shock 
and may or may not be associated with septic periton- 
itis depending on whether uterine rupture occurs. Oc- 
casionally the cervix relaxes and there is an outpouring 
of pus just before death. In other cases there may be 
intermittent opening of the cervix, with relatively good 
health following the discharge of pus, and malaise 
during the intervening periods. Such cases generally 
develop signs of sepsis within 6-8 weeks. Some cases 
of open-cervix pyometra may persist for years with a 
more or less continuous vulval discharge. 

Rectal temperature may be normal in cases of 
open-cervix pyometra, whilst there is commonly 
pyrexia in cases of closed-cervix pyometra. In patients 
with septic shock the temperature may be subnormal. 

The character of the vulval discharge may vary 
considerably; often it is a light chocolate-brown col- 
our and has a characteristic odour. In other cases it is 
yellow in colour, often blood tinged and varying from 
watery to a creamy consistency. The vulva is gener- 
ally enlarged and there may be discoloration or scald- 
ing of the perivulval tissues and perineum. 

An increased thirst is common and occurs sec- 
ondary to polyuria caused by reduced water perme- 
ability in the collecting duct of the kidney. Renal 
dysfunction is probably caused by the formation of 
immune complexes. 


Diagnostic features 

Most cases can be diagnosed on the basis of the clini- 
cal signs. In addition, ultrasonography (Figure 15.1) 
and radiography are valuable diagnostic tools for the 
detection of an enlarged or fluid-filled uterus. The total 
number of leucocytes is frequently increased in cases 
of pyometra, although the degree of leucocytosis is 
lower in cases of open-cervix compared with closed- 
cervix pyometra. 


Therapeutic considerations 
Renal dysfunction is common and many patients have 
polydipsia and polyuria. There may also be vomiting 
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(15.1 | Ultrasound image of a bitch with pyometra 
showing three sections of the uterus filled with 


echogenic fluid (5.0 MHz transducer, scale in cm) 


such that fluid, electrolyte and acid—base balance are 
frequently disturbed. Intravenous fluid therapy is there- 
fore mandatory. Urine output should be maintained at 
approximately 1—2 ml/kg/h. Balanced electrolytes, for 
example Hartmann’s solution, should be used to re- 
store intravascular volume and allow any acid—base 
and electrolyte imbalance to be corrected. The rate 
of fluid administration should be according to individual 
requirements, but in hypovolaemic animals it may be 
necessary to give boluses of up to 90 ml/kg (see Chap- 
ter 4). Metabolic (lactic) acidosis is a frequent finding 
which should resolve following restoration of tissue 
perfusion using fluid therapy; the use of bicarbonate 
is rarely if ever required. Hypokalaemia may also be 
present and appropriate addition of potassium to the 
intravenous fluids may be required. It is often worth- 
while monitoring the blood pressure of these patients 
at presentation and during stabilization and anaes- 
thesia. This can be performed using indirect external 
methods or by percutaneous direct measurement (see 
Chapter 3). Mean blood pressure should be main- 
tained above 60-80 mmHg. 

Animals with septic shock, including some cases 
of pyometra, may be hypoglycaemic as a result of 
depleted glycogen stores or the increased metabolic 
demand seen with sepsis. If hypoglycaemia is de- 
tected, dextrose may be added to the intravenous 
replacement crystalloid fluid. Dextrose is frequently 
administered as a 2.5-5.0% solution. 

The common bacteria cultured in cases of pyom- 
etra are Escherichia coli, Staphylococcus spp. and 
Streptococcus spp. For these reasons, broad-spectrum 
bactericidal antimicrobial agents may be administered 
intravenously, particularly those with actions against 
both Gram-positive and Gram-negative organisms. 
Suggested agents include cephalosporins, clavulanic 
acid-potentiated amoxicillin and trimethoprim- 
potentiated sulphonamides. 

A number of complications may occur in patients 
with pyometra. Azotaemia may be renal or prerenal 
in origin. Increased liver enzymes (secondary to 
sepsis/endotoxaemia or poor hepatic perfusion asso- 
ciated with hypovolaemia) are common but usually 
return rapidly to normal following removal of the 
uterus and restoration of fluid and electrolyte balance. 


Aspiration pneumonia may occur in debilitated vomit- 
ing animals. A non-regenerative normochromic an- 
aemia may also develop subsequent to bone marrow 
suppression, blood loss at surgery and aggressive fluid 
replacement. Blood transfusion is rarely indicated, 
unless the packed cell volume (PCV) decreases to 
below 20%. 


Treatment 

Ovariohysterectomy is the treatment of choice for 
pyometra. Animals that are presented early in the 
course of the disease are usually a low surgical risk 
and high success rates should be expected. 

The aim of the surgeon is, whenever possible, to 
stabilize the patient prior to surgery and then to re- 
move the uterus quickly without causing it to rupture. 
Postoperative management involves continuation of 
fluid and antimicrobial therapy and ensuring general 
nursing and analgesic care. 

In those cases where it is essential to retain re- 
productive function, or where surgery is not possible 
because of intercurrent disease, medical therapy may 
be considered. There have been several reports of 
successful medical management using oestrogens 
(presumably to induce cervical relaxation), as well as 
drugs to induce uterine contraction, including ergo- 
metrine, quinine and etamiphylline. However, since 
pyometra is a disease of the luteal phase and ova- 
riectomy has been shown to produce resolution of the 
Clinical signs, there has been considerable interest in 
the use of prostaglandins to cause lysis of the cor- 
pora lutea as well as for their uterine spasmogenic 
action. Prolactin inhibitors such as cabergoline or 
bromocriptine may also be used for the treatment of 
pyometra since they remove the support for the cor- 
pora lutea and therefore cause a decline in plasma 
progesterone. A combination of cabergoline (5 ug/kg/ 
day) administered daily for 10 days with cloprostenol 
(5 g/kg) administered from day 3 every third day for 
10 days (three treatments) has been shown to have a 
high efficacy. This regime produces a few adverse 
effects limited to minor restlessness, pacing, 
hypersalivation, tachypnoea and occasional vomiting 
and diarrhoea for up to 60 minutes after the adminis- 
tration of the prostaglandin. Careful observation of the 
patient is necessary immediately after prostaglandin 
treatment, although it is not uncommon for the ad- 
verse effects to be fewer at each administration. The 
combination regime should naturally be combined with 
appropriate broad-spectrum antimicrobial agents and 
intravenous fluid administration. 

Whilst prostaglandins alone are not recommended 
in cases of closed-cervix pyometra because of the 
risk of uterine rupture, the combined regime appears 
to have lower risk as long as the prostaglandin is not 
administered until day 3. This allows time for the 
cabergoline to cause a decline in progesterone, re- 
sulting in softening and opening of the cervix. Follow- 
ing prostaglandin and prolactin inhibitor treatments, 
up to 80% of bitches have subsequently become preg- 
nant and whelped. 

More recently, there has been interest in the use 
of progesterone receptor antagonists such as 
aglepristone, which have been shown to be useful for 
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the treatment of pyometra. Whilst these agents ap- 
pear to produce no adverse effects and a good return 
to fertility, no uterine contractions are induced to en- 
sure evacuation of pus. Further investigations of com- 
binations of progesterone receptor antagonists with 
prostaglandins and prolactin inhibitors are warranted. 


Prolapse of vaginal hyperplasia 


Aetiopathology 

Vaginal hyperplasia (commonly termed prolapse) re- 
flects an accentuated response of the caudal vaginal 
floor to normal circulating oestrogen concentrations. 
Usually, the vaginal mucosa cranial to the external 
urethral orifice is involved, becoming oedematous and 
thickened (Figure 15.2). This rapidly increases in size 
and a large smooth pink mass protrudes from the 
vulva. Occasionally, the circumference of the vagina 
may be involved. In a very small proportion of cases, 
dysuria may occur due to urethral obstruction by the 
bulk of the tissue. The condition has not been reported 


in the queen. 


(a) Vaginal 
hyperplasia 

without prolapse 
(b) Traumatic 
bruising and tearing 
of hyperplastic 
vaginal wall. 


Clinical signs 

The features of the condition are easy to identify, since 
the hyperplastic tissue is evident protruding through 
the vulval lips. There is often excessive licking, and 
self-trauma of the site is a common sequel. If self- 
trauma is severe the tissue may become necrotic. 


Diagnostic features 
Clinical examination and speculum examination will 
confirm the nature of the problem. 


Therapeutic considerations 

In most bitches, the hyperplastic tissue decreases in 
size at the end of oestrus when oestrogen concen- 
trations decrease and progesterone concentrations 
increase. The tissue usually completely disappears and 
is absent even upon careful speculum examination. The 
greatest problem is often that of reassuring the owner 
that the mass will regress. The tissue may need to be 
surgically removed if self-trauma has been severe. 
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Treatment 

Conservative management with local cleansing and 
lubrication is usually sufficient. Self-trauma should be 
prevented by the application of an Elizabethan collar. 
It is possible to speed the termination of oestrus by the 
administration of progestogens, such as proligestone 
or megoestrol acetate. Ovariohysterectomy during the 
subsequent anoestrus will prevent recurrence. Artifi- 
cial insemination may be necessary in bitches that are 
required for breeding, or submucosal resection of the 
tissue may be performed during early oestrus before 
mating. Submucosal resection may also be required in 
cases where there has been self-trauma. This surgery 
involves performing an episiotomy, placing a urinary 
catheter into the urethra and resecting the hyperplas- 
tic tissue. There is often considerable blood loss at the 
time of surgery. A minority of surgically treated cases 
will recur and those animals that are not required for 
breeding should be neutered. The use of surgery in 
breeding animals has been questioned, since a famil- 
ial tendency has been reported in certain breeds. 


Reproductive emergencies in the 
pregnant female 


Hypocalcaemia 


Aetiopathology 

Eclampsia or puerperal tetany occurs most commonly 
during early lactation or late pregnancy in small to 
medium-sized bitches, and in multiparous queens with 
a large litter 2-4 weeks postpartum. The aetiology of 
hypocalcaemia is probably related to calcium loss in 
the milk, combined with poor dietary availability. In 
some animals, reduced appetite after parturition con- 
tributes to the problem. 


Clinical signs 

Hypocalcaemia causes loss of cell membrane-bound 
calcium and subsequent changes in membrane po- 
tential. Early clinical signs are restlessness, panting, 
increased salivation and a stiff gait, which progress 
to muscle fasciculations and hyperthermia. If un- 
treated, tetany and death result. 


Diagnostic features 

The condition is most readily diagnosed by the 
Clinical signs and history of late pregnancy or recent 
parturition. Measurement of plasma calcium concen- 
tration is diagnostic; most animals are severely hypocal- 
caemic with total calcium values less than 1.6 mmol/l 
or ionized calcium values less than 0.8 mmol/l. 


Therapeutic considerations 

The principal aim in the short term is to restore plasma 
calcium concentrations to normal. Factors that in- 
crease the protein-bound fraction of plasma calcium 
may contribute to the development of clinical signs 
including, for example, systemic alkalosis. 


Treatment 

The slow intravenous administration of a 10% calcium 
gluconate solution to effect (50—150 mg Ca/kg) pro- 
duces a rapid response; the required dose is in the 
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region of 0.5-1.5 ml/kg of a 10% solution. Cardiac 
rate and rhythm should be monitored during adminis- 
tration preferably using an electrocardiogram. If brady- 
cardia or premature ventricular complexes are 
observed, administration should temporarily cease. 
The response to treatment is usually dramatic; how- 
ever, the effect is only maintained for between 1 and 
12 hours and therefore short-term maintenance 
therapy is required. In clinical practice this is achieved 
by giving further supplementation subcutaneously and 
orally to prevent recurrence (see Chapter 5). Hypo- 
calcaemia may be prevented by oral calcium supple- 
mentation in the last few days of pregnancy and during 
lactation. Excessive oral calcium administration re- 
duces intestinal absorption of calcium and inhibits the 
secretion of parathyroid hormone; although the inhibi- 
tion is clinically significant in several species, this does 
not appear to be the case in the bitch or queen. 

In some bitches there is a poor response to treat- 
ment, which may be related to either a contributing or 
primary hypoglycaemia (see below). 


Hypoglycaemia 


Aetiopathology 

It is very rare for a bitch or queen to become hypogly- 
caemic during pregnancy. Normally, progesterone acts 
as a potent peripheral insulin antagonist and results 
in hyperglycaemia (see below). Indeed, metoestrus 
(dioestrus) and pregnancy diabetes are well recog- 
nized, as is the difficulty in stabilizing known diabet- 
ics during dioestrus or pregnancy. However, there are 
reports in bitches of an apparent primary hypoglycae- 
mia of unknown aetiology occurring during pregnancy. 
In some cases it is thought that hypoglycaemia wors- 
ens the clinical signs noted with hypocalcaemia. The 
condition has not been reported in the queen. 


Clinical signs 

Bitches with pregnancy hypoglycaemia are weak and 
may become comatose. The clinical features may be 
mistaken for those of hypocalcaemia, although tetany 
is not a usual clinical finding. 


Diagnostic features 

Diagnosis is based on the measurement of plasma 
glucose concentration. Blood glucose should be meas- 
ured as part of the emergency minimum database in 
any sick animal (see Chapter 1). In whelping bitches 
investigation may also be stimulated by a lack of ef- 
fect of intravenous calcium administration given in the 
initial belief that the bitch was hypocalcaemic. 


Therapeutic considerations 

The aim of treatment is to restore plasma glucose 
concentrations and provide frequent intake of glu- 
cose until the onset of parturition. The condition dis- 
appears following parturition and some authors 
have suggested that a Caesarean operation may 
be required in severe cases. 


Treatment 

Rapid resolution of the clinical signs is achieved fol- 
lowing the intravenous administration of glucose to 
effect (usually 0.5 g/kg i.v. as a 25% solution, followed 


by addition of glucose to the intravenous fluids as a 
2.5-5% solution). Subsequently, increased frequency 
of feeding can be used to prevent recurrence until the 
onset of parturition. 


Hyperglycaemia 

Increased plasma progesterone concentration has a 
direct antagonistic effect upon insulin and also stimu- 
lates the secretion of growth hormone. Progesterone 
reduces insulin binding and glucose transportation 
within tissues. Growth hormone also has an antago- 
nistic effect upon insulin, mediated by a decrease in 
the number of insulin receptors and inhibition of glu- 
cose transport. Development of a diabetic state may 
therefore occur in the bitch during pregnancy; the con- 
dition is rare in the queen. 

The clinical signs, diagnostic features, therapeu- 
tic considerations and treatment of hyperglycaemia 
associated with diabetes mellitus are discussed in 
Chapter 16. 


Prolonged gestation 


Aetiopathology 

Prolonged gestation does not normally occur in the 
queen unless there has been unnoticed uterine inertia 
or dystocia. However, acommon concern of many bitch 
owners is that parturition is ‘overdue’ when pregnancy 
length exceeds 65 or 66 days. In these cases there is 
a misunderstanding of the normal reproductive physi- 
ology, since whilst the ‘endocrinological’ length of preg- 
nancy is 65 days, there is a large variation in the 
‘apparent’ length of pregnancy. The latter, which is the 
interval from the day of mating to the day of parturition, 
can vary from 58-72 days in normal bitches of all breeds 
(Figure 15.3). Other causes for prolonged gestation 
include the bitch that has had unnoticed primary uter- 
ine inertia or dystocia, or the non-pregnant bitch that is 
mistakenly thought to be pregnant. 


Ovulation Parturition 


Fertilization 
period 


Late mating (short 
apparent pregnancy) 
= 58 day pregnancy 


Ovulation to parturition 
= 63 day pregnancy 


Early mating (long 
ent pregnancy) 
= 72 day pregnancy 


(15.3 | Schematic representation of the length of 
pregnancy in the bitch in relation to mating 
early or late during the fertile period. 


Clinical signs 

Bitches that are within their physiological pregnancy 
length and those that are non-pregnant do not have 
abnormal clinical signs. Those bitches and queens 
that have had primary uterine inertia may have pre- 
viously had a small-volume vulval discharge and may 
have exhibited uterine and possibly abdominal 
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contractions which were unnoticed by the owner. 
Subsequently, there is placental separation and the 
onset of a green-coloured vulval discharge. Dams 
then become systemically ill as the fetuses die and 
decompose; a large-volume vulval discharge may be 
present. Initially, rectal temperature may be normal, 
but this may subsequently increase and terminally it 
may become subnormal. 


Diagnostic features 

Several methods may be used to predict the time of 
expected parturition in the bitch and may therefore be 
useful to determine whether this has been exceeded. 
If the bitch has been monitored during oestrus (using 
measurement of plasma progesterone concentration 
to detect the optimal mating time), the time from ovula- 
tion to parturition is tightly regulated (63 + 1 days). Simi- 
larly, the use of vaginal cytology during oestrus may 
be useful since the onset of the metoestrus vaginal 
smear is related to parturition (58 + 4 days), although 
not as precisely as the time of ovulation. A third useful 
assessment is to measure specific conceptus or fetal 
components with diagnostic B-mode ultrasound dur- 
ing pregnancy. Some measures (for example head (bi- 
parietal) diameter) can predict parturition to within + 2 
days in a large percentage of bitches. 

It is also useful to instruct the owner to record the 
rectal temperature twice daily during the last third of 
pregnancy, since a decline in rectal temperature pre- 
cedes parturition by approximately 12-36 hours. In 
the queen, prediction of the time of expected parturi- 
tion can be achieved by counting the number of days 
from mating. 

In many bitches, however, none of these procedures 
has been undertaken and in queens mating is frequently 
unnoticed. It is important, therefore, to perform a full 
clinical examination to ensure that the dam is clinically 
well and that she is pregnant. Measurement of plasma 
progesterone concentration can then be used to as- 
sess whether parturition is imminent. Progesterone 
concentrations decrease approximately 24—36 hours 
before parturition in both species (Figure 15.4). 

Demonstration of high plasma progesterone con- 
centration therefore indicates that parturition is not 
imminent, whilst a low progesterone concentration 
indicates that parturition is imminent or should already 
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have occurred. Intermediate values are difficult to in- 
terpret. Plasma progesterone can be easily measured 
in the practice laboratory by the use of enzyme-linked 
immunosorbent assay (ELISA) kits. 

From the above, it can be seen that bitches that 
are still within their normal physiological pregnancy 
length will have high plasma progesterone concen- 
trations, whilst bitches and queens that have had pri- 
mary uterine inertia will have low plasma progesterone 
concentrations. Non-pregnant bitches may have high 
or low plasma progesterone concentrations, since the 
luteal phase of pregnancy and non-pregnancy is re- 
markably similar. Non-pregnant queens will have low 
plasma progesterone concentrations unless the queen 
has returned to oestrus and subsequently ovulated. 


Treatment 

No treatment is required for the bitch that has a nor- 
mal long apparent pregnancy length or the bitch or 
queen that is non-pregnant. For the dam that has suf- 
fered primary uterine inertia, the best option is to per- 
form a Caesarean operation to remove the retained 
fetuses, which are likely to be dead. This should be 
performed as described below, although the require- 
ments for fluid therapy may differ if the bitch is show- 
ing signs of septic (distributive) shock. 


Dystocia 


Aetiopathology 

There are many causes of dystocia in the bitch and 
queen and it is not possible to describe these fully 
within this review. It is sufficient to classify dystocia 
as either non-obstructive (primary uterine inertia) or 
obstructive (dystocia secondary to maternal or fetal 
causes). Primary uterine inertia occurs most com- 
monly in dams with either a small litter or a very large 
litter, in obese females or those at their first parturi- 
tion. Obstructive dystocia may be related to breed, 
previous injury of the dam or any of several fetal 
causes. Secondary uterine inertia may develop after 
the correction of an obstructive dystocia. 


Clinical signs 
In non-obstructive dystocia, there may be few clinical 
signs (see prolonged gestation above); however, the 
observant owner may notice that first-stage parturi- 
tion has commenced but that this has not progressed. 
In cases of obstructive dystocia, the female has 
entered second-stage parturition and continues to 
strain unproductively. This may occur during the birth 
of any of the fetuses depending upon the cause. Un- 
productive straining for more than 45 minutes 
should be considered abnormal. 


Diagnostic features 

Females with non-obstructive dystocia have relaxa- 
tion of the perineal musculature, dilation of the cervix 
and already have had a decline in plasma progester- 
one and, in bitches, a subsequent decline in rectal 
temperature. Cervical dilation can only be reliably 
assessed by endoscopic visualization and not digital 
palpation. If placental separation occurs, a green- 
coloured vulval discharge will be evident. Early in the 
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course of the condition the fetuses will be alive, fetal 
movement may be palpated and fetal movement and 
heart beats may be detected ultrasonographically. 
Fetal death can be recognized immediately using ultra- 
sonography by an absence of fetal movement and by 
a non-moving echogenic appearance to the heart. 
Fetal death can be detected radiographically by a 
change in the fetal posture, by the accumulation of 
gas within the fetus and/or uterus and by overlapping 
of the bones of the skull, although these changes may 
not become evident for several days. 

Similar diagnostic methods may be used when 
there is obstructive dystocia, where fetuses can be 
identified lodged within the birth canal as a result of 
fetal or maternal abnormalities. 


Therapeutic considerations 

Females with primary uterine inertia will respond to 
the administration of exogenous oxytocin. However, 
the aetiology of the condition is not entirely clear and 
such therapy should be considered in light of the clini- 
cal condition of the dam, as well as the likely number 
of fetuses to be delivered. For example, it may be 
preferable to undertake a Caesarean operation in a 
bitch that has a large number of puppies and is debili- 
tated, rather than to administer oxytocin repeatedly, 
resulting in an extended parturition with the possibil- 
ity of dead fetuses. 

In females with obstructive dystocia, the primary 
aim is to remove the obstruction. This can be achieved 
using retropulsion, realignment and traction tech- 
niques if the obstruction is the result of an abnormal- 
ity of fetal presentation, position or posture. Care 
should be taken to ensure that parturition continues 
normally after such correction, since there is a risk of 
the development of secondary uterine inertia. How- 
ever, in many cases, the dystocia is the result of a 
fetal or maternal abnormality that cannot be corrected 
to allow normal delivery, and in such circumstances it 
is necessary to perform a Caesarean operation. In 
such cases it should be remembered that: 


* The dam may be ‘normal’ or she may be debilitated 
and require careful anaesthetic management 

* There is often no time for pre-anaesthetic 
preparation 

* The dam may have been fed recently. 


The general aims of the procedure are to ensure 
adequate oxygenation by intubation and provision of 
inspired oxygen, to maintain blood volume and pre- 
vent hypotension by the administration of intravenous 
fluid therapy, and to minimize maternal and fetal de- 
pression during surgery and after delivery by reducing 
the dose of anaesthetic agents used. Several factors 
are important when considering the most appropriate 
fluid for intravenous administration, for example, there 
may be loss of acid because of vomiting and there may 
be loss of blood as a result of the surgery. The best 
choice is probably an isotonic replacement solution 
administered at a rate of 10—20 mli/kg/h. 

It is not possible to discuss all of the anaesthetic 
options for Caesarean operation in this text; how- 
ever, there are a few points worth considering. For 


premedication, atropine is best not given routinely, 
since it blocks the normal bradycardic response of 
the fetus to hypoxia and it relaxes the lower oesopha- 
geal sphincter, making aspiration more likely. Phe- 
nothiazine tranquillizers are very useful agents, since 
they smooth anaesthetic induction and reduce the 
subsequent dose of induction and maintenance 
agents; they are, however, rapidly transported across 
the placenta. Alpha-2-adrenoceptor agonists, such 
as medetomidine and xylazine, are contraindicated 
because of their severe cardiorespiratory depressant 
effects. Similarly, the respiratory depressant effect 
of opioids makes them unpopular. Metoclopramide 
may be administered intravenously prior to induc- 
tion to reduce the risk of vomiting during the pro- 
cedure. For the induction of anaesthesia, dissociative 
agents such as ketamine are best avoided because 
they produce profound depression of the fetuses. The 
ultra short-acting barbiturates and propofol appear 
to be most useful, since they are either rapidly redis- 
tributed or metabolized and therefore have limited 
effects upon the fetuses after delivery. Some veterinary 
surgeons successfully use epidural anaesthesia 
combined with a variety of sedative analgesics. 

For maintenance of anaesthesia, the volatile 
agents are preferable, especially those with low parti- 
tion coefficients such as isoflurane. This agent has a 
rapid uptake and elimination by the animal and it may 
have a better cardiovascular margin of safety than 
the more soluble inhalants such as halothane. 

Whilst nitrous oxide may be used to reduce the 
dose of other anaesthetic agents, it is rapidly trans- 
ferred across the placenta and, although it has mini- 
mal effects upon the fetus in utero, it may result in 
significant diffusion hypoxia after delivery. In certain 
cases, inhalational agents are used for anaesthetic 
induction, and in this case nitrous oxide is useful for 
speeding the induction of anaesthesia via the second 
gas effect. 


Treatment 

In females with primary uterine inertia, or secondary 
uterine inertia after the correction of an obstruction, 
the intramuscular administration of oxytocin (0.25—1.0 
IU/kg) may be all that is required to ensure continua- 
tion of parturition. In some cases, the effectiveness of 
uterine contractions can be improved by the slow in- 
travenous administration of 50-150 mg/kg calcium 
gluconate. When there is a large litter, oxytocin ad- 
ministration may need to be repeated approximately 
every 30 minutes. In the authors’ opinion, no more 
than three doses of oxytocin should be given if no 
progression of the delivery has been observed. 

In debilitated dams or those with an obstructive 
dystocia that cannot be resolved, a Caesarean op- 
eration should be performed after stabilization and 
consideration of the anaesthetic requirements dis- 
cussed above. Operative speed is important since 
surgical delay is associated with increased fetal de- 
pression and asphyxia. Following a conventional Cae- 
sarean operation, the uterus should rapidly begin to 
contract. If this is not the case, oxytocin should be 
administered to promote uterine involution. This may 
be required especially if halothane anaesthesia has 
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been used, since this agent is known to delay uterine 
involution. The administration of oxytocin should, how- 
ever, not be taken lightly since it may produce periph- 
eral vasodilation and hypotension. 


Reproductive emergencies in the 
postparturient female 


Metritis 


Aetiopathology 

There are several causes of acute metritis in the bitch 
and queen, some of which are discussed in greater 
detail below. The common causes include prolonged 
parturition, poor uterine involution, retained placen- 
tae, retained fetuses and obstetrical intervention. The 
condition is principally a bacterial infection of the 
uterus, usually with bacteria that are normally consid- 
ered commensal organisms. 


Clinical signs 

There is most frequently a purulent or serosanguine- 
ous vulval discharge. The dam is often lethargic and 
anorexic and there may initially be pyrexia, although 
if untreated the rectal temperature may become sub- 
normal. The dam is often weak, may be dehydrated 
and may continue to strain. 


Diagnostic features 

Often the uterus is palpably enlarged, but enlarge- 
ment can be confirmed radiographically and by the 
use of ultrasonography. The latter technique usually 
demonstrates echogenic material present within the 
uterine lumen, and thickening of the uterine wall. 


Therapeutic considerations 

Stabilization of the patient by the administration of 
appropriate fluid therapy is essential, as is the admin- 
istration of suitable broad-spectrum antimicrobial 
agents such as ampicillin or trimethoprim-potentiated 
sulphonamides. In contrast to pyometra, there is no 
underlying endocrine component of this condition, and 
the primary aim is to establish drainage of the uterus. 


Treatment 

Transcervical lavage of the uterus with physiological 
saline is extremely useful to encourage drainage of 
the infected material. This can be difficult without endo- 
scopic guidance, although in these cases, the cervix 
usually remains open. Drainage can also be stimu- 
lated by the administration of ecbolic agents such as 
oxytocin and prostaglandin. Local application of anti- 
microbial agents into the uterus is valuable; because 
of the difficulty of intra-uterine administration, how- 
ever, most agents are given systemically. In severe 
cases ovariohysterectomy may be necessary. 


Haemorrhage 


Aetiopathology 

Haemorrhage is an uncommon postpartum condition 
in the bitch and queen that may occur as a result of 
physical injuries to the uterus or vaginal wall, or as a 
result of placental necrosis. 
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Clinical signs 

Blood loss is common at the time of parturition, al- 
though this is normally limited to the time of delivery 
of each fetus. A small volume of haemorrhagic fluid 
may be passed after the termination of parturition in 
the normal female, but this rapidly decreases in vol- 
ume and changes in colour due to the release of the 
pigment uteroverdin from the marginal haematoma. 
Persistence of a haemorrhagic discharge is abnor- 
mal. The dam may initially be unsettled, but later may 
be depressed and have pale mucous membranes. 


Diagnostic features 

Inspection of the vaginal wall either digitally or using 
a speculum or endoscope may demonstrate the site 
of a physical injury. Uterine bleeding may be detected 
by the presence of haemorrhagic fluid exiting via the 
cervix, or by transabdominal ultrasound imaging of 
the uterus. Although it is not normally necessary to 
measure the PCV of the fluid, its measurement may 
occasionally be useful for distinguishing frank haemor- 
rhage from fluid that looks like whole blood but that 
does not represent pure haemorrhage (PCV in the 
range 6-10%). 


Therapeutic considerations 
The principal consideration is to prevent further blood 
loss and to maintain blood volume as discussed in 
uterine prolapse (see below). 


Treatment 

Cases of vaginal trauma can be treated either by di- 
rect pressure or the application of a vaginal tampon, 
or occasionally by clamping of the bleeding tissue 
using artery forceps followed by ligation. For uterine 
bleeding in the first instance, it is appropriate to at- 
tempt to speed uterine involution by the administra- 
tion of oxytocin (0.25-1.0 IU/kg) or ergometrine 
(0.2-0.5 mg/kg). If there is no response, a laparotomy 
and ovariohysterectomy may be indicated. Presence 
of a coagulopathy should always be considered and 
assessments of clotting function should be performed 
prior to surgery. 


Retained fetuses or placentas 


Aetiopathology 
Retained placentas are very uncommon in bitches and 
queens, despite the concern expressed by many 
breeders. Most commonly the condition is wrongly 
believed to be present, since placentas are not al- 
ways expelled after each fetus and several are deliv- 
ered some time later during parturition. Retained 
fetuses should be investigated as described in pri- 
mary and secondary uterine inertia (see above). 
The aetiology of placental retention is unknown, but 
it appears to be more common in toy breeds of dog. 


Clinical signs 

In cases of true placental retention in the bitch, there 
is usually persistence of a green-coloured vulval dis- 
charge, and the bitch may be restless and not allow 
the puppies to suck. If the condition is not treated, the 
discharge will become malodorous and the bitch may 
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become depressed and show signs of sepsis. In gen- 
eral, queens have similar clinical signs, although in 
some there are no signs of vulval discharge until sev- 
eral weeks after parturition. 


Diagnostic features 

Diagnosis of the condition soon after parturition can 
be very difficult without ultrasonographic or endoscopic 
examination. Transabdominal palpation is often mis- 
leading because the involuting uterus may have sec- 
tions which are dilated, and adjacent regions that are 
smaller in diameter. 


Therapeutic considerations 

In many cases placentae have not been retained and 
the problem is simply the concern of the owner. In 
true cases the bitch or queen may develop signs of 
septic shock. In such instances, removal of the in- 
fected material is imperative; however, stabilization 
of the patient with appropriate fluid and antimicrobial 
therapy is essential. The principles described for pyo- 
metra (see above) should be followed. 


Treatment 

In the early stages, repeated administration of oxy- 
tocin may be sufficient to cause expulsion of the re- 
tained placentae. This results in resolution of the 
Clinical signs, although the dam should be treated with 
broad-spectrum antimicrobial agents, such as ampi- 
cillin or trimethoprim-potentiated sulphonamides, to 
prevent the development of a secondary metritis. 

In the later stages of the condition, the number 
of uterine oxytocin receptors has decreased and 
the administration of exogenous oxytocin has little 
or no clinical effect. In these instances repeated 
low-dose prostaglandin treatment may be contem- 
plated; however, it may be difficult to dislodge the 
placenta, and hysterotomy may be indicated. In ani- 
mals not required for breeding, ovariohysterectomy 
is the treatment of choice. 


Uterine prolapse 


Aetiopathology 

Prolapse of one or both uterine horns is rare in the 
bitch and queen and is only associated with preg- 
nancy. The condition occurs following parturition or 
abortion. It may occur in females of all ages and, al- 
though the aetiology is uncertain, it is claimed to be 
due to over-relaxation and stretching of the pelvic 
musculature, uterine atony, trauma of the uterus and 
prolonged tenesmus during dystocia. Following pro- 
lapse, there is commonly rupture of the uterine ves- 
sels and the vessels in the broad ligament, resulting 
in haemoperitoneum and hypovolaemic shock. 


Clinical signs 

The history is that of a dam that has recently under- 
gone parturition or has aborted, and either one or both 
uterine horns can be identified at the vulva. Frequently, 
the patient continues to have abdominal contractions. 
The prolapsed uterus may be traumatized, in which 
case there is considerable haemorrhage. 


Diagnostic features 

The condition can be diagnosed by the history and 
presenting clinical signs. In the bitch, uterine prolapse 
can be easily differentiated from vaginal hyperplasia 
since the latter occurs during oestrus and has an in- 
sidious onset. 


Therapeutic considerations 

The principal consideration is the loss of blood volume. 
This can be restored by the use of intravenous fluid 
therapy (crystalloid and/or colloid) at a rate dependent 
on the degree of hypovolaemic shock (see Chapter 4). 
Blood transfusion may be considered when the PCV 
decreases to 20%, or in patients in whom arterial 
pressure cannot be maintained by infusion of balanced 
electrolyte solutions. In cases of severe haemorrhage, 
autotransfusion may be considered by collecting blood 
aseptically from the peritoneal cavity. 


Treatment 

Prompt laparotomy with traction of the prolapsed uterus 
is necessary to allow inspection of the uterine vessels. 
In cases that are presented early, replacement and pexy 
of the uterus may be attempted; however, in most cases 
there is marked pathology of the uterine vasculature, 
and ovariohysterectomy is the treatment of choice. 


Hypocalcaemia 

The treatment of postparturient hypocalcaemia should 
follow the principles described in the section on Hypo- 
calcaemia in Reproductive emergencies in the preg- 
nant female (above), although in some cases it may 
also be necessary to consider weaning the pups. 


Septic mastitis 


Aetiopathology 

In many cases mastitis is a minor clinical disease. 
However, acute septic mastitis can occur following the 
introduction of bacteria during the process of suck- 
ling. The condition may occur in a single gland, or 
occasionally may involve all glands. The common 
bacteria involved are Escherichia coli, Staphylococ- 
cus spp. and Streptococcus spp. 


Clinical signs 

The affected gland is normally hot, swollen and pain- 
ful and there may be discoloration of the skin surround- 
ing the teat. The dam is normally pyrexic and lethargic. 
In certain cases the glands may become gangrenous 
or abscessated. 


Diagnostic features 

Examination of strippings from the affected gland or 
glands often demonstrates a haemorrhagic discolora- 
tion of the milk. Microscopic examination may be use- 
ful to demonstrate the presence of bacteria, and 
culture may be undertaken to identify the sensitivity 
of the organism to antimicrobial agents. 


Therapeutic considerations 

Topical instillation of antimicrobial agents into the teat 
canal is not possible. The choice of systemic antimicro- 
bials should be made with care as the aim is to have 
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high milk concentrations. As this milk may be ingested 
by the neonates, potential adverse effects should be 
carefully considered. Antimicrobial drugs contraindi- 
cated for neonates include tetracyclines and dihydro- 
streptomycin. However, in the case of a severe septic 
mastitis the dam is so unwell that it is often necessary 
to remove the litter and institute artificial feeding. 


Treatment 

Stripping of the affected glands and the use of hot 
compresses are important to encourage drainage of 
the infected material. The administration of appropri- 
ate antimicrobial agents is essential; however, in many 
cases it is not possible to wait for the results of cul- 
ture and sensitivity, and therefore broad-spectrum 
agents are often chosen. Ampicillin is the agent of 
choice, although chloramphenicol has also been 
recommended. Agents that are weak bases (e.g. 
potentiated sulphonamides and lincomycin) tend to 
achieve high concentrations, since milk from dams 
with mastitis is slightly more acidic than plasma. Oc- 
casionally, severely affected glands become necrotic 
and surgical drainage is necessary. Chronic persist- 
ently infected glands ultimately require mastectomy. 


Reproductive emergencies in the male 
Paraphimosis 


Aetiopathology 

Paraphimosis is a failure of the glans penis to be re- 
tracted fully into the prepuce. In the dog, this may be 
the result of a small preputial orifice, inversion of the 
preputial skin and hair, a short prepuce or neurogenic 
factors affecting the preputial muscles. In the tom cat, 
the condition has only been reported associated with 
an abnormality of the preputial orifice. Paraphimosis 
may become an emergency because there is swell- 
ing of the penis, interference with the circulation within 
the penis and ultimately ischaemic necrosis. Second- 
ary urethral obstruction may result. 


Clinical signs 

Initially, the clinical signs are extrusion of the penis, 
associated with pain and continuous licking. Self- 
trauma may progress to mutilation. After several hours, 
the penis becomes cold and the patient may pay less 
attention to the area. 


Diagnostic features 

The condition can be diagnosed by inspection, and 
differentiated from other conditions, since normally the 
penis is engorged. 


Treatment 

The application of ice packs and lubricants may be 
sufficient to allow replacement of the penis, which is 
the primary goal. In most cases the male resents this 
manipulation, and sedation is required; this can also 
be helpful since it reduces systemic blood pressure 
and causes detumescence of the penis. Surgical en- 
largement of the preputial orifice may be necessary 
to allow replacement of the penis, and in some cases 
amputation of the necrotic organ is required. 
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Torsion of the spermatic cord (testicular 
torsion) 


Aetiopathology 

Rotation of one of the testes around the vertical axis 
causes occlusion of the pampiniform plexus, followed 
by swelling and necrosis of the testicle. The aetiology 
is unknown although it may be related to rupture of 
the scrotal ligament. Torsion is more common in en- 
larged neoplastic intra-abdominal testes. The condi- 
tion has not been reported in the tom. 


Clinical signs 

Torsion results in severe pain, unilateral swelling of the 
scrotum and thickening of the spermatic cord (Figure 
15.5). Frequently, dogs are unwilling to walk and con- 
tinually self-traumatize the scrotum. Clinical signs are 
diagnostic when the condition occurs in a scrotal tes- 
tis, but may be confusing when the torsion relates to 
an abdominal testis. In these cases there may be leth- 
argy, inappetence, abdominal pain and vomiting. Later 
in the course of the condition, the animal may develop 
ascites and signs of hypovolaemic shock. A firm mass 
may be palpated within the caudal abdomen. 


(15.5 | Normal testicle and testicle with torsion of the 
spermatic cord demonstrating severe 
haemorrhage and oedema 


Diagnostic features 

Diagnosis can be made based on the clinical signs 
when the affected testis is scrotal; however, ultra- 
sonography and/or exploratory surgery may be nec- 
essary in dogs with torsion of intra-abdominal testes. 


Therapeutic considerations 

Dogs with this condition require treatment for shock 
using fluid therapy prior to definitive surgical correc- 
tion of the problem. 


Treatment 
Prompt surgical removal of the affected testis is 
essential. 


Acute bacterial prostatitis 


Aetiopathology 

Adult dogs may develop prostatitis as a result of as- 
cending bacterial infection, commonly Escherichia 
coli, Staphylococcus spp. and Streptococcus spp. 
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Prostatitis does not occur in the tom. In dogs, cer- 
tain conditions increase the likelihood of contamina- 
tion of the prostate gland, including benign prostatic 
hyperplasia and squamous metaplasia. It is likely that 
diseases which increase the number of bacteria 
within the prostatic urethra, including cystitis, ure- 
thral calculi and neoplasia, also increase the risk of 
development of prostatitis. 


Clinical signs 

The clinical signs often include systemic illness, with 
pyrexia, vomiting and caudal abdominal pain. There 
may be a purulent or haemorrhagic discharge at the 
prepuce. Urethral obstruction or colonic compression 
can occur if the prostate becomes large enough. 


Diagnostic features 

On rectal palpation, the gland is painful and has an 
irregular contour. There is commonly a neutrophilia 
on haematological evaluation. Urine culture, urethral 
washings and ultrasound-guided fine needle aspira- 
tion may help with the diagnosis. A technique that 
is often overlooked is collection of a semen sample 
with cytological examination of the third fraction of 
the ejaculate. 


Therapeutic considerations 
The blood—prostatic fluid barrier is thought to be 
lost when there is severe inflammation, and there- 
fore many antimicrobial agents can be used for 
the treatment of prostatitis. Inadequately treated 
lesions may become chronic and pockets of puru- 
lent exudate may form (prostatic abscessation), 
producing signs of recurrent cystitis. Treatment of 
these cases is difficult. 

Reduction of the size of the gland may be helpful 
in speeding the resolution of the disease. 


Treatment 

Prompt antimicrobial treatment should be under- 
taken, preferably on the basis of microbial culture 
and identification of sensitivity; potentiated sulphon- 
amides and enrofloxacin are particularly useful if 
treatment is required before this can be established. 
Penicillins and cephalosporins have limited pene- 
tration into prostatic fluid. Treatment should be con- 
tinued until no bacteria are found within the prostatic 
fluid; this may require three or more weeks of therapy, 
but is necessary to prevent the development of 
chronic disease. If chronic infection and abscessation 
are diagnosed, surgical investigation and drainage 
are required. 

Recovery in many cases can be enhanced by 
reducing prostatic size, either by castration or by the 
administration of exogenous progestogens or oestro- 
gens. Exogenous drugs produce only a temporary 
response, and it should be remembered that pro- 
longed oestrogen therapy may produce prostatic 
metaplasia which predisposes to prostatitis. Most re- 
cently, attention has been paid to finasteride, which is 
a specific 5-alpha reductase inhibitor that prevents 
the conversion of testosterone into dihydrotestos- 
terone. Finasteride may be useful for managing the 
underlying prostatic hyperplasia. 


Emergencies in the neonate 


Resuscitation of neonates 
Neonates may require resuscitation following a Cae- 
sarean operation, or following a normal delivery. In 
both cases, the primary cause of mortality is hypoxia, 
which can be reduced by the rapid removal of fetuses 
from the amniotic sac. The umbilicus should be cut 
approximately 3 cm from the fetal abdomen; exces- 
sive bleeding can be prevented by the application of 
a ligature or haemostatic clip. The nostrils and 
oropharynx should be cleared of fluid using a plastic 
pipette or cotton swabs. Fluid can also be removed 
by supporting the head and neck and swinging the 
neonate slowly downwards in a large arc. Great care 
must be paid to ensure that a whiplash or concussive 
injury does not occur. The neonate should be vigor- 
ously dried, since this stimulates respiratory drive. 
Gentle compression of the chest usually results in the 
establishment of respiratory effort. If this is not the 
case and the heart is beating, respiratory stimulation 
should be continued by rubbing the thorax, and flow- 
by oxygen should be administered. The administra- 
tion of respiratory stimulant agents such as doxapram 
hydrochloride (1-2 drops sublingually) may be effica- 
cious although it is less likely to be effective if the 
brain is hypoxic. If respiration does not commence, 
then artificial respiration should be performed by 
endotracheal intubation using a 20 gauge plastic cath- 
eter, or by blowing gently into the nose and mouth. 
Insufflation of air should be performed carefully to in- 
duce only slight lung expansion without over-inflation. 
If the heart is not beating, external cardiac massage 
combined with artificial respiration may be attempted. 
Once regular respiratory efforts are maintained, 
the neonate may be placed into a prewarmed box or 
incubator until it is active, when it should be returned 
to the dam and encouraged to suck. Sucking normally 
occurs immediately after birth and at intervals of 2-3 
hours for the first few days. 


Nursing care of neonates 

Once born, the puppies and kittens should be care- 
fully examined and their body weight should be re- 
corded. Normal neonates increase in body weight by 
5-10% per day; a failure to achieve this rate may 
indicate ill-health. Examination should ensure that the 
umbilicus is clean and there should be no evidence 
of herniation. Respiration should be regular and 
without excessive noise; the normal respiratory rate 
is 15—40 breaths per minute. There should be no dis- 
charge from the eyes or ears. The neonate should be 
examined for the presence of congenital diseases. The 
normal rectal temperature is 32—34°C in the first week 
after birth. 

The environmental temperature is critical; hypother- 
mia is a major cause of neonatal mortality. Recom- 
mended temperatures of 25-30°C are only necessary 
for the first few days; these are often unbearable for 
the dam and can be safely reduced (22°C) as long as 
draughts are avoided. One method to reduce heat 
exposure of the dam is to heat only half of the whelp- 
ing box. Underfloor heating is the ideal; however, warm 
hot water bottles or circulating water blankets provide 
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a good alternative. Heat lamps that are suspended 
above the nest should be used with caution, since the 
environment may become too hot. 

Neonatal puppies and kittens are unable to stand 
at birth. They should, however, be quite mobile, using 
their limbs to crawl. Neonates should be assessed 
for their general strength and the weakest should be 
carefully observed, since these often do not feed ad- 
equately and may fail to thrive. Standing may be seen 
from 10 days after birth, and most neonates should 
be able to walk at 3 weeks of age. 

Puppies and kittens are born with their eyes closed; 
separation of the upper and lower lids and opening of 
the eyes occurs approximately 10—14 days after birth. 
The cornea at this stage may appear slightly cloudy, 
although this will resolve over the first 4 weeks. In the 
first few weeks of life, the dam will provide all the care 
for her offspring provided that the environment is clean 
and dry. Many types of bedding material may be used, 
including shredded paper, newspaper and blankets 
or newspaper and synthetic rugs. Materials should be 
washable or easily disposed of. The dam normally licks 
the perineal region of each neonate for the first 2-3 
weeks after birth to stimulate urination and defeca- 
tion. Puppies and kittens defecate and urinate volun- 
tarily at 3 weeks of age and at this time soiling of the 
bedding increases; regular changing of the bedding 
is therefore necessary. 

When considering pharmacological therapy for 
neonates, it should be remembered that drug distribu- 
tion differs considerably from that of adults because of 
differences in body composition (lower body fat stores 
and plasma albumin concentrations, higher percent- 
age of total body water and a poorly developed blood- 
brain barrier). For these reasons, drug dosages may 
need to be reduced by up to 50% and the frequency of 
administration may need to be reduced. 


Fading puppies and kittens 

Perinatal losses are generally thought to be higher in 
dogs and cats than in other species; approximately 
15% of puppies/kittens are reported to be dead at birth 
and a further 8% to die shortly afterwards. 


Known causes of neonatal loss 

Examination of dead puppies shows that asphyxia is 
the most common cause of neonatal loss and this 
probably relates to the fact that oxygenation is threat- 
ened at birth because: 


* There is reduced blood flow to the uterus during 
contractions 

* The umbilicus is stretched (it is very short 
anyway) 

* The placenta separates some time prior to 
delivery. 


Immediately after birth, the neonate experiences 
marked physiological changes; the arterial oxygen con- 
centrations decrease and the arterial carbon dioxide 
concentrations increase. Neonates are therefore born 
with a moderate to severe acidosis. Recovery of nor- 
mal blood values should occur over a period of 3-6 
hours. This is mediated by normal respiration and can 
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therefore be inhibited by poor respiratory function (i.e. 
carbon dioxide is not reduced if breathing is poor). It is 
clear that suitable supervision at the time of parturition 
can reduce the loss rates considerably; indeed, in high- 
quality breeding establishments the total losses are in 
the order of 5%. 

In other cases neonatal death occurs because of 
congenital abnormalities, nutritional disease (including 
inadequate feeding), abnormally low birth weight, 
trauma during or immediately after birth, neonatal 
isoerythrolysis (kittens) and various infectious diseases. 


True fading puppy syndrome 
In addition to the perinatal losses described above, 
many puppies and kittens (approximately 55% of to- 
tal losses) are lost without an apparent cause being 
found. These neonatal losses are often attributed to 
‘fading puppy/kitten syndrome’. The first signs of this 
syndrome can often be detected within a few hours of 
life, and it is possible that these neonates are not fully 
viable at birth. Interestingly, it has been shown that 
true fading puppies (those with no other known cause 
of death) had significantly lower phosphatidylicholine 
components of lung surfactant than puppies that died 
from known causes. Lung surfactant is required for 
normal respiratory adaptation and maintenance fol- 
lowing birth. A significant reduction of surfactant is 
observed in sudden infant death syndrome in humans, 
and low values in fading puppies suggest that the pro- 
duction of surfactant may similarly be involved in the 
aetiology of this disease. 

Whatever the cause, there appears to be an early 
failure to suck and subsequent establishment of a 
fatal cycle of dehydration and further failure to feed. 


Management of sick neonates 

Early supplementary feeding may improve survival 
rates, as may the administration of antimicrobial 
agents in cases of neonatal sepsis. However, many 
cases are not related to a primary bacterial infection 
and such treatment alone is often unrewarding. In- 
tensive therapy, including the administration of intra- 
venous fluids, antimicrobial agents, and intravenous 
nutrition may be valuable; however, the prognosis for 
most cases is extremely guarded as their small size 
limits effective application of these therapies. 

Maintaining the puppy or kitten in an oxygen- 
enriched environment or providing oxygen via a tra- 
cheal catheter may help overcome hypoxia. The use 
of a tracheal catheter may allow artificial ventilation 
which may be useful to reverse acidosis and encour- 
age lung surfactant production. 

Fluid therapy is essential and puppies with pale 
mucous membranes and a slow capillary refill time 
are usually at least 10% dehydrated. Rarely fluid may 
be replaced by oral administration of electrolytes; 
because of poor gastrointestinal perfusion and absorp- 
tion, in most cases it is necessary to provide fluids by 
either intravenous, intraperitoneal or intraosseus ad- 
ministration. The safest fluid to use is a replacement 
isotonic crystalloid solution at a dose determined by 
assessment of the patient's hydration and perfusion 
status (see Chapter 4). If using lactated Ringer's, con- 
sider that the neonate has reduced hepatic function 


Chapter 15 Reproductive and paediatric emergencies 


and it may be unable to metabolize lactate into bicar- 
bonate. Maintenance potassium (20 mmol/l) can be 
added once fluid administration rates are at or just 
above maintenance requirements. Ideally acid-base 
and electrolyte status should be monitored and cor- 
rected, although this may be difficult due to the small 
size of the patients. 

Intravenous catheter placement may be difficult 
in the dehydrated neonate; human neonatal scalp 
catheters may be technically easier to place in small 
vessels. It is always worthwhile spending some 
time to ensure adequate venous access, and whilst 
a surgical cut-down may initially seem to lengthen 
the procedure, in the long term it is often the most 
sensible option. 

Intraperitoneal administration of fluids is a route 
chosen in some cases where venous access is diffi- 
cult, or if there is likely to be inadequate ongoing 
monitoring to ensure successful intravenous admin- 
istration. The most appropriate intraperitoneal dos- 
ing scheme is to provide fluids in three boluses 
(approximately 10 ml/kg) at approximately 8-hour 
intervals. Unfortunately intraperitoneal fluids are 
relatively slowly absorbed, especially in the hypo- 
volaemic neonate. 

Intraosseous catheter placement provides a suit- 
able alternative for fluid administration. Rates and 
doses of fluids administered are the same as for in- 
travenous use. Normally access is via the trochanteric 
fossa of the proximal femur, or the medial aspect of 
the proximal tibia. An 18 or 20 gauge needle is pushed 
longitudinally into the medullary cavity after strict asep- 
tic preparation. In some cases the cortical bone is 
sufficiently soft to allow the use of an intravenous over- 
the-needle catheter. Repeated puncture is not advised 
as holes within the cortical bone can allow fluid leak- 
age; the catheter may be left in position, however, for 
up to 72 hours. 

Hypovolaemia may be complicated by sepsis. 
Septic shock may result in further depletion of glyco- 
gen reserves, an increased peripheral use of glucose 
and a decrease in gluconeogenesis resulting in hypo- 
glycaemia. In such animals, additional bolus glucose 
therapy can be provided using a 50% dextrose solu- 
tion mixed 50:50 with lactated Ringers solution, or by 
giving 1-2 ml of 10% glucose intravenously. 

Broad-spectrum antimicrobial therapy is frequently 
administered and often it is not appropriate to wait for 
culture and sensitivity results. It is sensible however 
to collect bacteriological samples prior to drug admin- 
istration to allow the potential for changing the antimi- 
crobial preparation once the results are obtained. 
Culture of whole blood can be useful in many cases. 

Prevention of perinatal losses is aimed at: 


* The early recognition of weak neonates or dams 
that have inadequate milk or poor mothering 
behaviour 

* The institution of rapid and aggressive 
supplementary feeding. 


Accurate postmortem examination is essential to 
establish the causative factors so that these can be 
eliminated prior to the next breeding. 


Artificial nutrition of neonates 

Maternal illness, death of the dam, poor nursing, inad- 
equate lactation and a large litter are all factors that 
contribute to malnutrition of the neonate. In these cases, 
partial hand-rearing (with rotation of the offspring 
between the dam and artificial feeding), complete hand- 
rearing, or a foster dam (a bitch in pseudopregnancy 
or a bitch/queen which has lost her litter) are required. 

When contemplating artificial feeding, a well for- 
mulated milk replacer is essential and, whilst home- 
prepared replacers using cows’ milk have been 
advocated, it is the authors’ opinion that a commer- 
cially available replacer should be used. It has been 
suggested that some neonates should be reared en- 
tirely artificially rather than alternating the whole litter. 
However, all neonates should remain with the dam to 
ensure a normal social development. 

It is essential that all neonates receive colostrum 
from the dam during the first few hours after birth to 
ensure an adequate uptake of maternal immuno- 
globulins. Should the dam have died, it may still be 
possible to milk some colostrum from the mammary 
glands as long as it is not contaminated with high con- 
centrations of drugs or toxins. If colostrum is unavail- 
able it may be possible to confer some protective 
immunity by the oral administration of serum or plasma 
prepared from adult animals (Levy et al., 2001). 
Orogastric intubation is relatively simple and may be 
useful in the first few days of life for the rapid feeding 
of especially sick neonates. A soft polythene tube 
(2 mm diameter) measured from the mouth to the level 
of the 9th rib is optimal. 

Artificial feeding is time consuming and demand- 
ing, particularly if the litter is being reared without the 
dam. Milk substitutes may be administered using 
syringe feeders, eye droppers, sucking devices or 
stomach tube. In most cases it may be easiest to feed 
from a small syringe (2 ml) for the first 2-5 days. After 
this time, a small bottle with a nipple may be used; 
this encourages normal sucking but takes the great- 
est time. When these devices are used the aperture 
should be large enough to prevent wind sucking but 
small enough to prevent excessive volumes being 
administered, since this may result in aspiration. 

Normally neonates feed every 2-4 hours for the 
first 5 days of life. It is best to mimic this with artificial 
feeding. The interval can be reduced to every 4 hours 
after day 5. The milk replacer should be warmed to 
body temperature (39°C) before feeding and then fed 
to the manufacturer's instructions, depending upon 
body weight. After each feeding, the perineal area of 
the neonate should be stimulated with a moist towel, 
to mimic the licking action of the dam and stimulate 
urination and defecation. 


Conclusion 


It is clear that there are many reproductive disorders 
which produce acute onset and potentially fatal clini- 
cal disease in dogs and cats. Similarly, there are many 
management factors responsible for perinatal mortal- 
ity in puppies and kittens. There have been substan- 
tial advances in our knowledge of reproductive and 
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neonatal physiology and these, combined with prompt 
recognition and intervention, may result in greater 
survival and significantly decreased loss of reproduc- 
tive performance. 
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Endocrine emergencies 


Barbara J. Skelly 


Diabetic ketoacidosis 


A diabetic ketoacidotic crisis can arise in an animal with 
previously diagnosed diabetes mellitus (DM) or it can 
appear to occur suddenly in an animal previously 
thought to be healthy. In this latter group it may provide 
the first indication that either insulin production has 
fallen or that mechanisms of insulin resistance are 
present. Whereas dogs are usually insulin-dependent 
for life once a diagnosis of DM is reached, cats may 
provide the further challenge of having waxing and 
waning insulin requirements. Figure 16.1 lists the most 
common reasons for diabetic ketoacidosis (DKA) to 
develop, either in an animal already being treated for 
DM or in a previously undiagnosed diabetic. 


| 16.1 | Conditions that can trigger DKA through 
insulin resistance. 


How does ketoacidosis develop? 

For DKA to develop there is usually a triggering con- 
dition such as an infection, inflammatory disease (e.g. 
pancreatitis) or metabolic disturbance superimposed 
on a background of a loss of insulin activity. This trig- 
gering condition then causes the glucagon:insulin 
ratio to increase, the hormonal hallmark of DKA. Fig- 
ure 16.2 shows the role of glucagon versus insulin in 
the development of ketoacidosis. Glucagon promotes 


Adipose tissue Liver 
Triglycerides Free fatty acids 


Ketone 
production 


Free fatty acids 


| 16.2 | The effects of insulin and glucagon on lipolysis 
and ketone production. 


glycogenolysis and the formation of ketoacids, while 
insulin deficiency allows free fatty acids (FFA) from 
the breakdown of adipocyte triglyceride stores to be 
released into the circulation and taken up by the liver, 
again for ketoacid production. Insulin is also required 
for metabolism of ketones to carbon dioxide and 
water. While there is a low level of ketone production 
in uncomplicated DM, the ketones can be metabolized 
and do not build up to the point at which they might 
cause Clinical signs. The superimposition of further 
physiological stress, for example in the form of an in- 
fection, allows ketone production to accelerate and 
exceed the rate at which ketones can be metabolized. 
Ketonuria and a metabolic acidosis then develop. 


Clinical signs 

The clinical signs of DKA are listed in Figure 16.3. A 
detailed history may reveal previous signs of DM, if 
present, for example polyuria and polydipsia, a rav- 
enous appetite and weight loss. Patients in a DKA 
crisis can also develop acute renal failure so it is use- 
ful to Know when the animal was last seen to pass 
urine. Patients are commonly both hypovolaemic and 
dehydrated on presentation. 


Polyuria/polydipsia 

Anorexia 

Vomiting and/or diarrhoea 

rn 

Poor body condition 

Hepatomegaly 

Acetone smell on breath 

Deeper more rapid respiration reflecting metabolic acidosis 


The clinical signs of diabetic ketoacidosis 
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Diagnosis 

DKA is an important differential diagnosis for a col- 
lapsed, volume-depleted patient. Early recognition of 
the disease is possible using just a few readily avail- 
able tests. Firstly, measurement of blood glucose is 
important in any collapsed animal as both hypo- and 
hyperglycaemia are possible causes of weakness. 
Blood glucose measurement is therefore considered 
part of the emergency minimum database (see Chap- 
ter 1). Demonstration of a high blood glucose con- 
centration in an emergency patient prompts the testing 
of serum or urine ketone levels. This can be done by 
clinical pathology laboratories, but also by using urine 
dipsticks with serum or urine as a substrate. One of 
the predominant ketone bodies (f-hydroxybutyrate) 
is not measured by standard urine dipsticks. A nega- 
tive result for ketones in a patient where there is a 
high clinical index of suspicion for DKA might prompt 
the addition of hydrogen peroxide to the sample to 
oxidize B-hydroxybutyrate to acetoacetate. This can 
then be measured by dipstick, thereby allowing docu- 
mentation of ketoacidosis. 


Initial patient assessment 


* Packed cell volume (PCV) and total solids/protein. 
* Electrolytes. 
* Renal function assessment — urea, creatinine 
and phosphorus. 
* Blood gas analysis. 
* Urine analysis: 
— Specific gravity 
— Dipstick analysis — assess for ketones 
— Sediment examination 
— Submit for culture. 


Management 

Initial management of DKA involves correction of the 
intravascular volume, hydration and electrolyte abnor- 
malities whilst providing insulin to reduce hypergly- 
caemia and promote ketone metabolism: 


* Place jugular or peripheral vein catheter of the 
widest bore possible. The benefit of a jugular 
catheter is that it allows frequent blood sampling 
without the need for repeated venipuncture 

* Begin fluid therapy using an isotonic 
replacement fluid, e.g. 0.9% NaCl or Hartmann’s 
solution. The latter may be beneficial in cases 
where the pH is extremely acidic as 0.9% NaCl 
may, in some circumstances, contribute to 
acidosis through a dilutional effect 

* If the patient is in shock or acute renal failure 
use fluid boluses to improve pulse quality and 
initiate urine output. 50-90 ml/kg may be used in 
the dog and 20-50 ml/kg in cats. Fractions of 
these volumes (25-30% each time) can be used 
to effect with careful monitoring between boluses 
(see Chapter 4) 

* Once the patient's cardiovascular status has 
improved these fluid rates must be lowered (see 
Chapter 4). The aim is to correct the hydration 
and metabolic abnormalities slowly over 24—48 
hours so that complications are avoided. 
Problems that may be encountered with rapid 
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correction include: 

— Hypokalaemia 

— Hypophosphataemia 
— Cerebral oedema. 


Monitoring potassium 

Although many DKA patients have a ‘whole body’ 
potassium deficit, the plasma potassium concentration 
may be disarmingly normal at initial assessment. This 
occurs because of the effects of solvent drag, whereby 
high extracellular glucose levels encourage movement 
of water and potassium out of the cells. When fluid re- 
placement and insulin therapy are given, however, 
potassium again takes up an intracellular location and 
hypokalaemia results. Severe hypokalaemia can lead 
to muscle weakness and can predispose to cardiac 
dysrhythmias or even respiratory arrest. It is important 
to monitor potassium levels every 1-2 hours, especially 
during the first 12 hours of therapy and to supplement 
the fluids with potassium as appropriate (Figure 16.4). 


2.6-3.0 


| 16.4 | Potassium supplementation of intravenous 
fluids in patients with DKA. 


Monitoring phosphate 

Phosphate ions follow the same path as described 
for potassium above. Severe hypophosphataemia can 
lead to haemolysis, so again, phosphorus should be 
monitored during fluid therapy (Willard et a/., 1987). 
Hypophosphataemia often becomes most severe on 
the second day of therapy. Phosphate supplementa- 
tion is recommended if the phosphate concentration 
drops below 0.35 mmol/l. The phosphate supplemen- 
tation rate suggested in many formularies (0.01-0.03 
mmol/kg/h over 4—6 hours) is often insufficient in these 
patients and doses up to 0.12 mmol/kg/h for 12-48 
hours may be required. Regular monitoring of phos- 
phate (every 4—12 hours) is necessary, with the dose 
adjusted depending on the patient's response. As 
phosphate is generally supplied as potassium phos- 
phate, the additional potassium supplementation 
should be taken into account and the dose of potas- 
sium chloride reduced accordingly. 


Neurological function 

During prolonged hyperglycaemia, the central nerv- 
ous system (CNS) protects itself from dehydration by 
the generation of idiogenic osmoles that help to con- 
serve water in the intracellular space. If during treat- 
ment serum osmolality drops too quickly (e.g. following 
rapid reduction in blood glucose or rapid rehydration 
with hypotonic fluid) the osmotic effect of these 
molecules will tend to pull water into the cells of the 
CNS and cause oedema. This can lead to worsening 


neurological function in the early stages of therapy 
and is an indication that fluid replacement and/or in- 
sulin treatment has been too aggressive. 


Insulin therapy 

Insulin therapy is the cornerstone of treatment, as it 
allows glucose to be taken up by cells for metabolism 
and prevents further lipolysis from adding to the ketone 
burden. It also promotes metabolism of ketones. Hence 
as serum glucose levels decrease, glucose should be 
added to the intravenous fluids to allow continued in- 
sulin administration until the resolution of ketosis. 
Neutral (soluble) insulin (termed regular insulin in the 
USA) should be used, as it facilitates accurate control 
of glucose levels. Insulin can be given in two ways: 


* Method 1 (intramuscular): 

— Begin treatment with a 0.2 IU/kg i.m. bolus of 
neutral (soluble/regular) insulin 

— Repeat intramuscular injections of 0.1 IU/kg 
hourly according to blood glucose 
measurements to keep blood glucose in the 
8-15 mmol/l range 

— If blood glucose drops to <8 mmol/l, add 5% 
dextrose to intravenous fluids, monitor glucose 
and continue insulin therapy if possible 

— Use neutral/(soluble/regular) insulin for the 
initial therapy or until the animal begins to eat 
reliably. At this point, maintenance stabilization 
using longer-acting insulin can begin 

* Method 2 (intravenous constant rate infusion (CRI)): 

— Mix neutral (soluble/regular) insulin with fluids 
such that it will be delivered at a dose rate of 
2.2 IU/kg/day 

— Itis easiest to use a separate syringe driver/ 
burette to deliver the insulin dose at a standard 
fluid administration rate of 1—2 mi/kg/h. This 
infusion can be run alongside the main fluid 
source, which can then be adjusted as the 
patient requires without altering the rate of 
insulin delivery. Insulin solutions within a 
burette should be protected from direct light by 
covering with aluminium foil and should be 
freshly made up at least once every 24 hours 

— Since insulin binds to plastic tubing in drip lines, 
before administration to the patient, allow fluids 
to run through the line until a stable solution 
has been achieved (30—50 ml expelled) 

— Blood glucose needs to be checked after 
1 hour then every 1-2 hours thereafter 

— Again, dextrose can be used as required to 
maintain the blood glucose between 8 and 
15 mmol/l 

— Longer-acting insulin can be introduced when 
the animal starts to eat. 


If a good response is achieved after the first 24 
hours, then the intensity of the monitoring can be re- 
duced. The intravenous fluids can be gradually tapered 
as the patient begins to eat and drink. After the first 
24-hour period it may be necessary to change the fluid 
type depending on the plasma sodium concentration, 
such that if plasma sodium is >145 mmol/l then a 
change to Hartmann’s solution or 0.45% saline might 
be advantageous. 
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Antibiotic therapy 

Intravenous antibiotics may be started after urine and/ 
or other culture samples have been taken, because 
there is a strong association between bacterial infec- 
tion and the precipitation of DKA. Ampicillin 20 mg/kg 
i.v. q6-8h is a good broad-spectrum choice in an ani- 
mal that has not previously received antibiotic therapy, 
until results of cultures or other diagnostic tests allow 
tailoring of treatment to the specific bacteria involved. 


Other therapeutic considerations 

It is important to evaluate patients with DKA rigorously 
for any underlying trigger and treat this as necessary. 
In patients with profuse vomiting, anti-emetic medi- 
cation may be required (see Chapter 11) and if volun- 
tary food intake is poor for a prolonged period, 
alternative methods of supplying nutrition should be 
considered (see Chapter 23). 


Insulinomas are classically described in middle-aged 
and older, overweight large-breed dogs and have also 
been reported rarely in cats (Kraje, 2003). The effect 
of over-production of insulin is to induce a profound 
hypoglycaemia, particularly in a fasted animal. Some 
clinical signs are also attributed to increased activity 
of the sympathetic nervous system and excessive 
adrenaline release. Insulinoma-associated polyneuro- 
pathy has been reported. The aetiology is not certain 
but may involve axonal degeneration due to hypogly- 
caemia and/or immune-mediated mechanisms (Van 
Ham et al., 1997). The differential diagnosis of hypo- 
glycaemia is shown in Figure 16.5. 


| 16.5 | Differential diagnosis of hypoglycaemia. 
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Clinical signs 

The history usually involves collapse at exercise or 
exercise intolerance, weakness, tremors and neuro- 
logical signs including, more rarely, signs of a poly- 
neuropathy that may present as hindlimb weakness, 
tetra- or monoparesis. Occasionally animals may 
present with seizures. The clinical signs are rapidly 
responsive to feeding and can be controlled by feed- 
ing regular small meals. 


Diagnosis 

The hallmark of insulinoma is the measurement of 
low serum glucose concentrations with concurrently 
high serum levels of insulin. Insulin may not be 
above the normal range (5.0—20 IU/ml) but may still 
be inappropriately high for the blood glucose; if the 
pancreatic islet cells are functioning normally, insu- 
lin levels should be very low in an animal that has 
hypoglycaemia. If insulinoma is suspected but the 
blood glucose is in the normal range, then super- 
vised fasting of the animal can be conducted 
with glucose measurements every 2-3 hours. In ani- 
mals with insulinoma, hypoglycaemia will usually 
result in 6-8 hours. Insulin:glucose and amended 
insulin:glucose ratios do not contribute to the ease 
of diagnosis and are not used by this author. The 
measurement of a low fructosamine (normal range 
258-343 pmol/l) can add to the index of suspicion. 
Glucagon tolerance tests are rarely necessary though 
they may be used in cases that are difficult to inter- 
pret. There are no other consistent abnormalities on 
clinical pathology measurements. 

Radiographs are unlikely to yield diagnostic infor- 
mation. Abdominal ultrasound examination is useful 
for identification of pancreatic nodules, and also to 
assess other abdominal organs for abnormalities that 
suggest the presence of metastatic spread. 

Ultimately, a definitive diagnosis is reached if an 
exploratory laparotomy identifies a pancreatic lesion 
that is then evaluated by histopathology. 


Treatment 


Emergency treatment 

Patients with neurological signs caused by hypogly- 
caemia need immediate attention. After collecting 
blood for glucose and insulin assessment, dextrose 
should be given as a bolus (10% dextrose solution 
at 0.2-0.5 g/kg, i.v.). As a rule of thumb, 1 ml/kg of a 
50% dextrose solution equates to 0.5 g/kg of dex- 
trose; this should be diluted prior to administration. 
The clinical response is usually rapid and stability 
should then be maintained by the addition of 2.5- 
10% dextrose to the intravenous fluids. If the dex- 
trose concentration is >5% then a central route of 
administration should be used to avoid problems 
(thrombophlebitis) caused by administration of a 
hypertonic solution through a peripheral vein. Alter- 
natively, instead of increasing the dextrose concen- 
tration in the fluids, an increase in fluid rate can result 
in administration of higher doses of dextrose with 
no change in concentration, as long as the animal 
tolerates the fluid load. 
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The use of a glucagon infusion has been reported 
in a case of insulinoma for a dog that was refractory 
to dextrose treatment (Fischer et al., 2000). Gluca- 
gon was found to induce normal blood glucose for a 
period of 3 weeks, presumably through the mecha- 
nism of insulin resistance. 


Longer-term medical management 


* Successful medical management involves 
multiple feeds per day using foods of low 
glycaemic index. 

* Prednisolone (0.2—0.5mg/kg, q12-24h) is also 
frequently used to induce insulin resistance and 
is cheap and easily available. 

* Diazoxide, a benzothiazide diuretic which 
inhibits insulin release via stimulation of alpha- 
adrenergic receptors, can help to maintain 
euglycaemia in dogs in which prednisolone side 
effects become dose limiting. Side effects of 
diazoxide include nausea and sodium retention 
that may lead to oedema. The latter can be 
countered by the concurrent use of thiazide 
diuretics; these also potentiate the effects of 
diazoxide. The dose rate of diazoxide is 10—30 
mg/kg/day which is usually administered in three 
divided doses. 

* Octreotide is a somatostatin analogue that may 
be of benefit in refractory cases. It also has the 
potential to worsen clinical signs in that it may 
lower glucagon and growth hormone 
concentrations. It is available as an injectable 
preparation only, so is not suitable for use in 
every case. 


Surgical management 

Surgery may be useful in the management of 
insulinoma in that it may help to confirm a diagnosis 
and, if removal of a solitary nodule is possible, may 
allow for a disease-free interval during which no 
medication is necessary. The argument against sur- 
gery is that metastasis is so common that clinical 
signs will recur, usually within 1 year. In this author's 
experience there seems to be a clinical spectrum 
within the diagnosis of insulinoma whereby occa- 
sional animals have appropriate clinical signs, low 
glucose concentrations in the face of elevated insu- 
lin and confirmatory histopathology but become com- 
pletely disease-free after surgical removal of a 
pancreatic nodule. These insulinomas apparently 
behave in a benign way and have little metastatic 
potential. Other animals, however, have extremely 
aggressive tumours that, even after surgical excision, 
gain only a short respite from hypoglycaemia and 
associated clinical signs. Unfortunately it is impossi- 
ble to predict the biological behaviour of these neo- 
plasms prior to surgery. 


Chemotherapy 

Streptozotocin is an alkylating agent which has been 
reported as a treatment for insulinoma. It has been 
shown to be beneficial in some cases but nephrotox- 
icity is a limiting factor (Moore et al., 2002). 


Hypoadrenocorticism 


Hypoadrenocorticism (Addison's disease) is usually 
caused by immune-mediated destruction of the adren- 
al cortex leading to a reduction in the output of the 
steroid hormones, cortisol and aldosterone. This dis- 
ease occurs in dogs (predominantly young to middle- 
aged females) and much less frequently in cats. 
Although a hypoadrenal crisis may occur acutely and 
deterioration may be rapid, vague, waxing and waning 
Clinical signs have usually been present over a longer 
period of time. The clinical findings include gastrointes- 
tinal signs (anorexia, vomiting and diarrhoea), weight 
loss, muscle weakness and lethargy. Previous bio- 
chemical analysis frequently identifies an intermittent 
azotaemia and mild electrolyte abnormalities. Some 
animals are cortisol deficient only at the time of pres- 
entation (termed ‘atypical’ Addisonians), although this 
group can go on to develop aldosterone deficiency. 


Why are adrenal steroid hormones 
important? 

Cortisol and aldosterone have vital roles in the main- 
tenance of many different body systems but particu- 
larly in the gastrointestinal tract and in renal function 
and water homeostasis. The gastrointestinal manifes- 
tations of hypoadrenocorticism, caused by cortisol 
deficiency, are signs of a motility disorder with vomit- 
ing and diarrhoea. Aldosterone deficiency allows ex- 
cessive sodium and therefore water loss through the 
kidneys and leads to volume depletion. At the same 
time, the ability to excrete potassium decreases and 
hyperkalaemia develops. 


Clinical signs 

An animal presenting in a hypoadrenal crisis is col- 
lapsed, hypovolaemic (as evidenced by poor pulse 
quality, pale mucous membranes, prolonged capillary 
refill time) and bradycardic. The latter is one of the 
signs that may alert the clinician to the diagnosis as 
hypovolaemia is usually accompanied by tachycar- 
dia. Vomiting and diarrhoea are also common and may 
be reported historically. Animals frequently have a his- 
tory of polyuria and polydipsia. 
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Diagnosis 


Haematology 

A complete blood count is often relatively unremark- 
able although there may be a mild to moderate 
anaemia, interpreted as anaemia of chronic disease. 
Less commonly there may be severe anaemia asso- 
ciated with significant gastrointestinal blood loss. An 
interesting finding is that, because of lack of cortisol 
up-regulation, there is no stress leucogram (i.e. neu- 
trophilia, lymphopenia, eosinopenia might be expected 
but are not present), even though disease is severe. 


Biochemistry 

Hyperkalaemia, hyponatraemia, hypochloraemia and 
hypercalcaemia may all be present when aldosterone 
is deficient. Animals may be hypoglycaemic due to 
the lack of insulin antagonism by cortisol. Azotaemia 
can be mild to severe and is usually prerenal, but may 
confuse the diagnosis with one of acute renal failure. 


Urine analysis 

Urine is usually isosthenuric to mildly concentrated 
(specific gravity <1.025). This lack of concentrating 
ability does not reflect renal damage, but merely em- 
phasizes the need for aldosterone in the production 
of concentrated urine. Hypoadrenocorticism is an im- 
portant differential diagnosis for young to middle-aged 
dogs with apparent renal disease defined by azotae- 
mia and isosthenuria, however, the azotaemia of 
hypoadrenocorticism is prerenal in origin. 


Electrocardiography 

Electrocardiography may be helpful in determining the 
nature of the bradycardia noted in most animals with 
typical hypoadrenocorticism. The rising potassium 
concentration leads to a blunting of the excitability of 
conductive tissue in the heart and to a slowing of pace- 
maker activity. Initially, the P wave becomes depressed 
and disappears (Figure 16.6) but eventually ventricu- 
lar activity is also suppressed. Classically, a spiked 
T wave is described when there is hyperkalaemia but 
this is a relatively uncommon sign and is less easy to 
interpret than the disappearance of the P wave. 


z Ef 16.6 ] (a) An ECG trace 
= from a dog with 
2em = potassium was measured as 8.9 
mmol/l at the time of the 
recording. Atrial activity is 
peer persser, T waves are larger 
| and peaked and there are 
periods of arrest. (Courtesy of 
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ACTH stimulation test 

An adrenocorticotrophic hormone (ACTH) stimulation 
test is the definitive test for hypoadrenocorticism. Af- 
ter the measurement of basal cortisol levels, synthetic 
ACTH is given intravenously at a dose of 125 ug in 
patients weighing <15 kg and 250 ug in patients weigh- 
ing >15 kg. A post-ACTH sample is taken 30 minutes 
to 1 hour later. A classical hypoadrenocorticoid pic- 
ture would show both a low basal cortisol and no 
measurable stimulation following ACTH (<20 nmol/l 
before ACTH and <20 nmol/l following ACTH). The 
ACTH stimulation test can be performed during the 
initial stages of volume expansion. The administra- 
tion of dexamethasone does not interfere with the 
ability to measure cortisol, although prior administra- 
tion of either prednisolone or hydrocortisone can cause 
erroneous results. Frequently the test can be com- 
pleted before any steroids are given. 


Treatment 


Emergency treatment 

Collapsed, bradycardic and hypovolaemic animals 
need rapid attention. Urgent volume expansion is re- 
quired but specific measures may also be necessary 
to reduce the effects of the hyperkalaemia: 


* Begin intravenous fluid therapy using 0.9% 
sodium chloride at shock doses (90 ml/kg bolus 
in dogs, 40-50 ml/kg bolus in cats). 
Administering the total bolus volume in smaller 
fractions (25-30%) with close monitoring may be 
preferable and will allow slowing of the fluid rate 
once adequate volume expansion is achieved, 
thus reducing the risk of volume overload. 
Hartmann’s solution may also be used; although 
it does contain some potassium (5 mmol/l) the 
positive dilutional effects outweigh the impact of 
the small amount of potassium that is present 

+ in animals with severe hyponatraemia (<125 
mmol/l) rapid increases in serum sodium should 
be avoided or central nervous system signs can 
result (see Chapter 5) 

+ Injectable steroids such as dexamethasone 
sodium phosphate (0.3—1 mg/kg) or 
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(b) After emergency 
treatment the 

“| potassium had decreased to 6.4 
mmol/l. P waves are now visible, 
== the heart rate has increased and 
the T wave is much smaller. 


prednisolone sodium succinate (0.5-1 mg/kg) 
can be given, although administration of 
prednisolone should be delayed until after the 
ACTH stimulation test has been completed. 
These often improve demeanour and response 
to shock therapy. Neither of these drugs has a 
significant mineralocorticoid effect, so they must 
be followed by administration of fludrocortisone 
(0.1—0.5mg/kg orally). Alternatively, 
hydrocortisone sodium succinate or phosphate 
can be used at a dose rate of 0.5—-0.625 mg/kg/h 
as an intravenous infusion. This drug has the 
benefit of having both glucocorticoid and 
mineralocorticoid activity. The rate of sodium 
retention must be monitored closely when using 
high fluid rates in combination with 
mineralocorticoid supplementation, as 
overzealous correction of hyponatraemia should 
be avoided. 


Treatment of severe hyperkalaemic bradycardia 
The level of hyperkalaemia that leads to significant 
cardiac effects varies between animals, but potassium 
levels >7.5 mmol/l are usually associated with impair- 
ment of cardiac output. In patients with bradycardia 
<30-40 bpm, which do not respond rapidly to volume 
replacement, more aggressive treatment to reduce 
hyperkalaemia, or to protect the heart from its effects, 
is warranted. Options for treatment include: 


* 10% calcium gluconate (0.5-1.5 ml/kg) can 
be given as a slow infusion with 
electrocardiograph (ECG) monitoring. This 
does not reduce serum potassium levels but 
does raise the cardiac threshold potential so 
that the difference between the resting and 
threshold potentials (and thus normal cardiac 
conduction) is re-established 

* Neutral (soluble/regular) insulin (0.2-0.5 IU/kg 
i.v.) in combination with 2 g of dextrose for 
every IU of insulin or dextrose by itself. This 
will encourage the redistribution of potassium 
into an intracellular location and thus rapidly 
lower the potassium level 


* Sodium bicarbonate (1-2 mmol/kg i.v.) will also 
prompt potassium to move into cells. Treatment 
with sodium bicarbonate is rarely indicated and 
should only be used if monitoring of acid—base 
parameters is possible. 


Other treatment considerations 

In animals with gastrointestinal haemorrhage or severe 
hypoproteinaemia, blood products, whole blood or 
synthetic colloid solutions may be required for volume 
replacement (see Chapters 4 and 14). Some hypo- 
proteinaemic animals cannot tolerate large volumes 
of crystalloids because of their tendency to leak fluid 
out of the vasculature into body cavities and inter- 
stitial spaces. These patients may respond better to 
infusions of colloids such as pentastarch or hetastarch 
(10-20 ml/kg/day, given as a CRI). 


Chronic therapy 

Once an acute crisis has been managed, chronic 
therapy depends on fludrocortisone with or without 
prednisolone at physiological replacement rates 
(0.2-0.3 mg/kg/day). 


Hyperadrenocorticism 


Hyperadrenocorticism (HAC, Cushing's disease) is a 
chronic disease that is mainly diagnosed after the rou- 
tine investigation of polyuria/polydipsia in an older dog. 
HAC may be of pituitary or adrenal origin, although 
pituitary tumours are the cause in the majority of patients. 
Uncomplicated HAC is not typically a cause for emer- 
gency presentation, and is beyond the scope of this 
chapter. Occasional animals manifest more critical clini- 
cal signs, however, and these are discussed here. 


Pulmonary thromboembolism 

Pulmonary thromboembolic disease can cause acute 
dyspnoea and death in animals with HAC. A pro- 
thrombotic state is created through the dysregulation 
of coagulation and anticoagulation mechanisms; for 
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example, excess cortisol has numerous effects on the 
coagulation system, including the development of 
hypertension which can lead to proteinuria and loss 
of antithrombin through the kidney. Obesity, systemic 
hypertension and an elevated haematocrit are also 
predisposing factors. 


Diagnosis 
Radiographs may be unremarkable, may show areas 
of increased radiolucency representing lung fields with 
markedly decreased pulmonary perfusion, or have re- 
gional or generalized pulmonary infiltrates (alveolar or 
mixed alveolar/interstitial patterns). Infiltrates may de- 
lineate a wedge shape, representing an area of haem- 
orrhage, atelectasis or infarction. When radiographs 
are unremarkable, ultrasonography may help to iden- 
tify thrombi in vessels (Figure 16.7). If available, angio- 
graphy using computed tomography is proving to be 
helpful in diagnosis of pulmonary thromboembolism. 
Arterial blood gas analysis usually shows hypox- 
aemia and often hypocapnia secondary to hyperven- 
tilation. The alveolar—arterial oxygen gradient is 
increased. A coagulation profile is usually not of great 
help, although D-dimers may be elevated indicating 
increased clot turnover (see Chapter 13). 


Treatment 

Oxygen therapy is used to correct hypoxaemia and 
to improve cardiopulmonary function. Most thrombi 
will retract and be broken down spontaneously by the 
patient’s own fibrinolytic system, and many patients 
will improve over a few hours to days if they can be 
supported adequately during this time. Anticoagulant 
drugs may be given to reduce the chance of further 
thrombi being formed. The management of pulmonary 
thromboembolism is discussed in Chapters 7 and 13. 


Diabetes mellitus 

There is an increased risk of diabetes mellitus in 
animals with HAC, particularly cats. HAC may con- 
tribute to insulin resistance in dogs and cats and 
may increase the risk of DKA. The treatment of both 


(a) Lateral thoracic radiograph from a dog showing acute onset dyspnoea. The radiograph is largely 

unremarkable but shows hyperlucency of the lung fields. (b) Echocardiogram showing right long-axis view 
from the same dog. A thrombus (arrows) may be seen in the right main pulmonary artery (RMPA) causing turbulent blood 
flow in this vessel. (Courtesy of A. Holloway) 
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diseases together is challenging, and if possible dia- 
betic stability should be established before adding a 
drug to address HAC. 


Neurological manifestations 

In a proportion of dogs with pituitary tumours (10-15%), 
the tumour is a macroadenoma rather than a micro- 
adenoma, and is therefore more likely to cause neuro- 
logical signs, principally mental dullness. For some of 
these dogs, treatment of HAC using either trilostane or 
mitotane allows a sudden increase in tumour growth 
or an increase in peritumour inflammation, due to de- 
creased negative feedback as a result of the reduction 
in circulating steroids. Whilst decreasing the dose of 
trilostane or mitotane may cause an improvement in 
these cases, the only other method that has been used 
to reduce the mass effect of the tumour is radiotherapy 
(Theon and Feldman, 1998). 


Pancreatitis 

HAC predisposes to acute pancreatitis through a 
variety of mechanisms (Hess et al., 1999). HAC 
patients are often lipaemic and hypercholesterolae- 
mic as well as being polyphagic. Pancreatic duct 
hyperplasia and inspissated pancreatic secretions 
have also been reported. Management of acute pan- 
creatitis is addressed in Chapter 11. 


Hypertension 

HAC frequently leads to hypertension due to the in- 
duction of renin secretion by cortisol. Hypertension can 
cause ocular signs (intraocular haemorrhage, retinal 
detachment), neurological signs (depression, signs of 
headache, specific localizable signs reflecting areas 
of haemorrhage), glomerular disease and thromboem- 
bolic disease as discussed above. Hypertension is con- 
trolled by addressing the primary underlying disease, 
HAC, and rarely requires specific treatment other than 
supportive therapy of associated clinical signs. 


Adrenal tumour haemorrhage 

A rare consequence of the presence of an adrenal 
tumour, haemorrhage can occur due to tumour rup- 
ture (Figure 16.8). This is a particular risk in animals 
with malignant adrenal tumours which often invade 
the caudal vena cava. These animals can present with 
acute onset of shock due to haemoperitoneum. 


( 16.8 | Lateral abdominal radiograph of a dog showing 
retroperitoneal haemorrhage due to rupture of 
an adrenal mass. Image shows dramatic enlargement 
and streaking of the retroperitoneal space (boxed) with 
effacement of the kidneys. (Courtesy of A Holloway) 
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Hyperparathyroidism 


Primary hyperparathyroidism can lead to dramatic 
elevations in blood calcium concentrations as a re- 
sult of over-secretion of parathyroid hormone (PTH). 
This disease occurs in dogs of any breed, though 
Keeshonds have a familial form of the disease and 
form a significant proportion of total hospital admis- 
sions for this endocrinopathy (Refsal et al., 2001) (Fig- 
ure 16.9). Hyperparathyroidism is rare in cats (Kallet 
et al., 1991) but may be recognized more easily now 
that an assay for feline PTH is available. 


A Keeshond 
recovering from 
surgery to 
remove a 
parathyroid 
nodule 


Clinical signs 

The clinical signs of hyperparathyroidism include 
polyuria, polydipsia, muscle tremors, vomiting, den- 
tal pain and bone pain. Serum calcium usually in- 
creases slowly over months, so the onset of clinical 
signs can be insidious and may not be noticed by the 
owner. Hypercalcaemia causes polyuria through its 
action on anti-diuretic hormone (ADH) receptors in the 
renal tubule and the development of nephrogenic dia- 
betes insipidus. The kidneys are also vulnerable to 
damage by mineralization of renal tubular cells that 
occurs when there is prolonged hypercalcaemia. A 
proportion of dogs with primary hyperparathyroidism 
will present in renal failure, posing a diagnostic di- 
lemma in deciding whether hyperparathyroidism is 
secondary to renal failure or primary parathyroid dis- 
ease. These dogs may have vomiting, diarrhoea, ano- 
rexia, depression and halitosis alongside the signs of 
hypercalcaemia (Gear et al., 2005). 


Diagnosis 

Diagnosis depends on demonstrating hypercalcae- 
mia (both total and ionized) with elevated or inap- 
propriately high PTH, and no other cause for the 
hypercalcaemia. Usually, renal failure causes an 
increase in total rather than ionized calcium, but 
this is not an infallible rule. In addition, comparison 
of the degree of azotaemia and the degree of 
hypercalcaemia can give an indication as to which 
is the primary problem. More reliable is the phos- 
phate level, which will be elevated in cases of renal 
failure but tends to be suppressed in patients with 
primary hyperparathyroidism. 


Imaging 

It is usually possible to image the abnormal parathy- 
roid gland in the neck using ultrasonography or com- 
puted tomography (Figure 16.10). Some dogs may 
have enlargement of more than one gland. 


gD Ultrasound examination of the ventral neck of 
animals suffering from hyperparathyroidism 
usually reveals a parathyroid nodule, appearing as an 
echolucent mass within thyroid tissue. (Courtesy of 

A. Holloway) 


Treatment 

Hypercalcaemia should be dealt with rapidly to avoid 
precipitating renal failure. Although some dogs sur- 
vive years without treatment and with no impairment 
of renal function in the face of severe hypercalcae- 
mia (total calcium >3.8 mmol/l), the degree of renal 
damage already sustained and the likelihood of de- 
veloping renal failure is impossible to gauge. Any dog 
whose treatment is delayed is at risk of developing 
renal insufficiency. For this reason, severe hypercal- 
caemia should be treated as a medical emergency. 


Fluid therapy 

lsotonic (0.9%) sodium chloride is the fluid of choice 
to induce diuresis and promote calciuresis. Once vol- 
ume losses have been replaced this can be used in 
conjunction with furosemide (2—4 mg/kg q12h) to in- 
crease further the excretion of calcium. 


Surgical management 

The treatment of choice for a parathyroid adenoma 
or parathyroid tissue hypertrophy is surgical removal. 
This is made easier if a mass has already been iden- 
tified ultrasonographically, but surgical exploration of 
the neck is warranted in any dog with a diagnosis of 
primary hyperparathyroidism whether or not a parathy- 
roid nodule has been identified. 


Other methods 

Chemical ablation using an ultrasound-directed injec- 
tion of ethanol has been described (Long et al., 1999). 
The success of this technique is user dependent and, 
of course, depends on the reliable identification of 
abnormal parathyroid tissue. 


Hypoparathyroidism 


Primary hypoparathyroidism is a rare condition in dogs 
and there are few reports in cats (Barber, 2004). The 
disease occurs secondary to destruction of the para- 
thyroid tissue, probably through immune-mediated 
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attack, and the consequent decline in PTH production. 
This leads to a fall in plasma calcium levels to the point 
where clinical signs of hypocalcaemia are seen. 


Clinical signs 

The main signs are those of neuromuscular excitabil- 
ity. Affected animals may have facial twitching pro- 
gressing to generalized muscle tremors, tetanic 
spasms and seizures. 


Diagnosis 

Diagnosis relies on identifying hypocalcaemia and 
hyperphosphataemia in the face of low serum PTH 
concentrations. Biopsy of parathyroid tissue can con- 
firm the diagnosis but is not usually necessary. 


Treatment 


Emergency treatment 

Initial emergency treatment involves the immediate 
use of intravenous calcium gluconate (0.5-1.5 ml/kg 
of a 10% solution of calcium gluconate). This must be 
given slowly over 20-30 minutes with ECG monitor- 
ing if possible, so that any dysrhythmias can be noted 
and the infusion slowed or stopped if necessary. If 
clinical signs recur in the short term, before oral drugs 
have had a chance to take effect, a CRI of calcium 
gluconate can be used at a dose of 10 mg/kg/h. 


Chronic treatment 

Lifelong replacement therapy is required. This is 
usually given in the form of vitamin D supplementa- 
tion with or without oral calcium gluconate; the latter 
can usually be withdrawn once the animal has been 
stabilized. 


Phaeochromocytoma 


Phaeochromocytoma is an uncommon adrenal 
tumour in dogs and is even rarer in cats (Maher and 
McNiel, 1997). This type of endocrine tumour origi- 
nates from the chromaffin cells of the adrenal gland; 
these cells synthesize catecholamines such as 
adrenaline and noradrenaline. The clinical signs of 
a phaeochromocytoma may be non-specific and 
may occur alongside other diseases in older animals, 
therefore the diagnosis of this condition is particu- 
larly challenging. 


Clinical signs 

Clinical signs include episodic collapse, generalized 
weakness, weight loss, anorexia, intermittent panting, 
anxiety, depression and ataxia (Gilson et al., 1994, 
Bartez et al., 1997). The clinical signs usually reflect 
the pulsatile nature of the release of large amounts of 
catecholamines, with their associated influence on 
blood pressure, cardiac output and heart rate. Ani- 
mals may also have signs suggestive of systemic 
hypertension, including retinal haemorrhages, retinal 
detachment, neurological signs or epistaxis. Cardiac 
abnormalities may include ventricular premature com- 
plexes, supraventricular tachycardia and atrioventricu- 
lar block (Gilson et al., 1994). 
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Diagnosis 

The antemortem diagnosis of phaeochromocytoma is 
difficult because of the variable nature of the clinical 
signs and the lack of a sensitive and specific test with 
which to confirm the diagnosis. There are no specific 
clinical pathology abnormalities, but the finding of in- 
termittent or sustained hypertension with an adrenal 
mass that is not secreting other hormone products 
(e.g. cortisol and its intermediates) is suggestive. 
However, phaeochromocytoma may co-exist with ad- 
renal or pituitary-based hyperadrenocorticism which 
may also cause hypertension. 

Measurement of serum levels of specific catecho- 
lamines is not readily available in dogs and cats, nor 
do any veterinary laboratories in the UK offer the 
facility of measuring urinary metabolites of catecho- 
lamines. Perhaps more useful might be the phen- 
tolamine suppression test which, when positive in 
humans, shows a systolic blood pressure decrease 
of at least 35 mmHg (Maher and McNiel, 1997). This 
test has not, however, been evaluated in dogs. 


Treatment 

Management relies on reducing the systemic blood 
pressure and stabilizing the patient prior to surgical 
removal of the adrenal mass. Preoperative alpha- 
adrenergic blockade using phenoxybenzamine (0.2— 
1.5 mg/kg q12h orally) is useful as this drug is a 
non-competitive receptor antagonist. When there are 
significant cardiac dysrhythmias concurrent beta- 
adrenergic blockade is indicated, although this should 
never be introduced without prior phenoxybenzamine 
treatment, otherwise severe hypertension can result. 
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Acute management of orthopaedic 
and external soft tissue injuries 


Matthew J. Pead and Sorrel J. Langley-Hobbs 


Introduction 


Many animals with orthopaedic injuries or wounds 
also have injuries to vital organ systems. Fractures 
and wounds are often obvious and may be spectacu- 
lar but must initially be assigned a low priority in emer- 
gency treatment, as they are rarely life threatening. 
Concurrent injuries, especially those involving the 
thoracic and abdominal cavities, commonly occur 
during the trauma. The thoracic problems most 
frequently encountered include pulmonary contu- 
sions (46-66%), pneumothorax (12-50%) and rib 
fractures (10-25%) (Spackman et al., 1984; Tamas 
et al., 1985; Houlton and Dyce, 1992; Griffon et al., 
1994) (Figure 17.1). If the animal is in shock, the 
cardiovascular instability should be addressed prior 
to any investigations or even a full physical exami- 
nation. Shock can result from internal injury or from 
the wound or fracture alone. Fluid loss in burns, or 
osseofascial haemorrhage in fractures, can be suffi- 
cient to lead to irreversible shock and death. The 
initial investigative plan for a trauma case following 
a complete physical examination should include: 
conscious thoracic and abdominal radiographs; an 


Cranial fractures 
30-79% 


Multiple fractures 33-44% 
Single fractures 27-42% 


electrocardiogram (ECG); and evaluation of blood 
packed cell volume (PCV) and total solids. If abnor- 
malities are detected, further investigations may be 
deemed appropriate. 

While potentially life-threatening problems are a 
priority, temporary and emergency management of 
wounds and fractures should not be ignored. Such 
treatment should be directed towards prevention of 
any additional injury or deterioration at the site of 
trauma, minimizing contamination and improving 
patient comfort. Emergency management of wounds 
and fractures should control any systemic implications 
for the traumatized tissues and prepare them for the 
start of definitive treatment. 


Wounds are tissue injuries caused by chemical, ther- 
mal or physical trauma. In most cases the skin is dam- 
aged and there will be variable involvement of 
underlying tissues. Particular consideration should 
be given to the major structures adjacent to the site 
(Figure 17.2). 


Caudal fractures 
25-51% 


Schematic diagram illustrating the incidence of thoracic injuries associated with fractures in specific areas 
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Brain damage — swelling, oedema and 
h 


Neck Tracheal rupture 


Impacted cranial fractures or jaw fractures need removal of fragments or repair. Risk 
of meningitis 


Continual monitoring of neurological status required to detect deterioration that may 
require surgical decompression. Medical management (see Chapter 9) 


Pneumomediastinum and subcutaneous emphysema 


Recurrent laryngeal nerve damage Assess laryngeal function by observation under a light plane of anaesthesia 


Cervical spinal cord injury 


Oesophageal injuries 


Thorax Fractured ribs, pneumothorax, 
pulmonary contusions 


Ruptured diaphragm 


f l ig 
: l 


i 
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Abdomen 


Assess neurological function, evidence of fracture/dislocation of cervical vertebrae 


Exploration for foreign body, consider gastrostomy tube 


Often treat conservatively. 
Air may need drainage if severe or a tension pneumothorax. Supplement oxygen. 
Flail chest — bandage and delay treatment 


Usually delay repair until systemically stable, unless there is respiratory distress or 
the stomach is in the thorax 


, ligament, tendon, nerve, artery Check integrity of tendons, nerves (including spinal cord) and vasculature prior to 
surgical intervention and anaesthesia 


Damage to any abdominal viscera. Monitor for damage by regular physical examination, auscultation, ultrasonography 


. Large wounds must be covered to allow lung expansion. 


Abdominal wall or diaphragm rupture and abdominocentesis. Biochemical and cytological analysis of blood and 


with herniation 


peritoneal fluid 


twee Approach to management of wounds affecting specific areas. 


Wound types 


Wounds related to physical trauma 

These wounds result from the breakdown of tissue by 
physical force and are the most common type seen in 
veterinary practice. Punctures, lacerations, shearing or 
degloving of the skin and the impact of projectiles may 
all cause wounds. They may be complicated by the 
presence of a foreign body. Recognition of the type of 
wound can give an early indication of the treatment 
required (Figures 17.3 and 17.4). In general, the physi- 
cal breakdown of the skin layer allows damage and 
exposure of the deeper tissues. The immediate con- 
cern is to control haemorrhage and minimize contami- 
nation. All wounds should be covered immediately with 
a sterile dressing to prevent further contamination from 
the patient and the hospital environment, as nosocomial 
infection can be more serious and difficult to eliminate 
than infection resulting from the original injury. 


Burns 

Burns cause cell death and the subsequent break- 
down of tissue integrity. Although common in the hu- 
man population, they are relatively rare in veterinary 
practice. In thermal and electrical burns, the build-up 
of thermal energy cannot be dissipated before the cells 
are disrupted. In chemical and radiation burns, cellu- 
lar integrity is directly disrupted by toxic substances 
or ionizing radiation. In all types of burns, destruction 
of tissue may continue after removal of the source of 
the injury. There can be a life-threatening loss of fluid 
in burn injuries, and emergency treatment is based 
on removal of the source of the injury and assess- 
ment of the severity of the burn to determine the need 
for fluid therapy. Partial-thickness burns involve the 
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Different wound types. (a) Wounds in the groin 

3 of a dog. There is a combination of abrasion, 
avulsion, burn and contusion injury. The white/grey skin 
edges to the wounds are necrotic and need debridement. 
(b) A burn on a dog's stifle after a road traffic accident 
The pale clipped normal skin contrasts with the hard, dry 
blackened eschar. The area surrounding the eschar is 
mildly contused and abraded. (e) Severe contusion is 
apparent in this thin-skinned dog with a simple radius 
and ulnar fracture that occurred whilst running. 
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Abrasion Superficial wound involving destruction of varying | When associated with a fracture, normal skin barrier is incompetent - 
depths of skin by friction or shearing forces. treat fracture as grade | open 
Usually bleeds minimally 

Avulsion Characterized by tearing of tissues from Blood supply to skin may be compromised leading to skin necrosis 


attachments and creation of skin flaps. Limb 


2-5 days after injury. Repeat examinations and consider secondary 
avulsion injuries with extensive skin loss are debridement 
called ‘degloving’ 


Chemical burns | Direct exposure to noxious chemicals Copious lavage to remove chemical. Ensure animal cannot lick area and 
ingest harmful substances 


Contusion Blunt trauma may cause blood to pool in the Application of cold and analgesics. Beware of compartment syndrome 
subcutaneous tissue 


damage and contusion to the skin and deeper 


Gunshots These are contaminated. The heat generated in | Remove metal if encountered but not usually necessary to remove all 
firing a bullet does not render it sterile. Open fragments unless intra-articular or impinging on major structures such as 
fractures may be present nerves and arteries. Antibiosis for severe or intra-articular injuries. Treat 

the wound not the weapon 

Laceration Created by tearing, which damages the skin and | Debridement and primary closure may be used if treatment is early 
underlying tissues and may be superficial or deep 
and have irregular edges 
he caper. hater trl Aaa Excise a 2-3 mm wide full-thickness rim of skin around the puncture 

puncture wound | such as a knife or tooth. Tissue damage is site. Check vital signs as there may be significant internal 
directly proportional to the velocity of the impact | Penetrating abdominal wounds require exploratory laparotomy 


Foreign bodies such as sticks and glass can 
fragment causing widespread contamination 


Thermal burns May see reddened, crusted or blackened skin. 


Burn injuries around the head and neck may 
compromise respiration 


Recognition and treatment of specific wounds. 


epidermis and a variable degree of the dermis. Full- 
thickness burns involve the entire skin layer. Partial- 
thickness burns eventually progress to separation 
between viable and non-viable tissue, but this can take 
up to 10 days to happen naturally. Full-thickness burns 
progress to a brown or black eschar, which may be- 
come hard to the touch (Figure 17.3b). 

In general, any deep partial- or full-thickness burn 
involving more than 15-20% of the animal's surface 
will lead to major systemic complications requiring 
emergency supportive therapy (Pavletic, 1993). Burns 
are vulnerable to infection, and the same care must 
be taken to prevent contamination as would be exer- 
cised for an open wound. 


Treatment of wounds 

Although it is advisable to progress to definitive treat- 
ment of wounds as soon as possible, other more se- 
rious complications of trauma may take priority. 
Treatment of wounds can be divided into emergency 
procedures (which can and should be done as soon 
as possible) and the initiation of definitive treatment. 
In many cases it is possible to combine these proce- 
dures without compromising the animal. It should not 
be forgotten that wounds themselves might pose a 


May need extensive exploration to remove all fragments (90% of glass 
shards show on 
place for transport 

further internal damage by 
fulcrum 


). Protruding foreign bodies should be left in 
but can be cut 2-3 cm from the body wall to minimize 
preventing the protruding shaft acting as a 


Beware of systemic complications of the burn. Attend to analgesia and 
cooling the area 


considerable systemic threat to the patient, especially 
in terms of fluid loss. All animals with wounds should 
be evaluated for analgesic therapy. 

Owners should be made aware as soon as is prac- 
tical of the implications of treatment in terms of their 
time and finance. Continued effective communication 
is important throughout the period of treatment. 


Emergency treatment 

Emergency treatment of wounds often takes place at 
the time of initial presentation, while involvement of 
other body systems is being assessed and stabiliza- 
tion of urgent problems is occurring. Analgesia should 
be considered as soon as possible. The animal 
should be muzzled or restrained as necessary to pre- 
vent further self-trauma or contamination of the wound, 
and to ensure that veterinary staff can treat the ani- 
mal effectively without being bitten. 


Haemostasis: Bleeding should be addressed first. 
Direct pressure can be achieved using a wad of ster- 
ile gauze swabs or a bandage, and will be sufficient 
in most cases to stop minor bleeding. The addition of 
adrenaline 1:1000 solution (1 ml adrenaline solution 
with 4—5 ml of sterile saline) to swabs may facilitate 
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haemostasis. Use of adrenaline is contraindicated at 
extremities, where prolonged vasoconstriction may 
lead to ischaemia and necrosis, and in the presence 
of cardiac dysrhythmias. Wounds can also be packed 
with haemostatic agents such as calcium alginate 
fibre. With more profuse arterial haemorrhage, it may 
be necessary to use ‘pressure point’ haemostasis. At 
sites where major arteries run superficially, such as 
the brachial and femoral arteries in the axilla and 
femoral triangle, respectively, digital pressure is 
applied over the pressure point proximal to the area 
of haemorrhage. Head, nose and oral cavity arterial 
bleeding can be controlled by applying direct digital 
pressure to the deep area ventral and directly 
adjacent to the angle of the mandible where the 
common carotid arteries give rise to the maxillary 
artery tributaries. Superficial pressure will occlude 
the jugular, linguofacial or maxillary veins, which can 
increase venous bleeding, so it is important to apply 
pressure accurately. 


Pressure cuffs and tourniquets: Blood pressure cuffs 
may be placed proximal to appendicular wounds and 
inflated 20-30 mmHg higher than measured arterial 
pressure. These should not be left in place for more 
than 6 hours, or irreversible neurovascular compromise 
will occur. Tourniquets made from narrow bands of elas- 
tic material, such as Penrose drains, will place exces- 
sive pressure on neurovascular structures and may 
cause permanent deficits. They are not recommended 
unless the limb is to be amputated, or unless they can 
be applied distal to the tarsus or carpus where major 
motor nerves are not present. However even in these 
sites, narrow tourniquet bands can still only safely be 
used for 3-5 minutes; in contrast, bands 5-10 cm wide 
can be used for up to 30 minutes. Ligation, surgical 
stapling and electrosurgery may then be used for de- 
finitive haemostasis. Profuse haemorrhage will require 
clamping and ligation of major vessels; lesser haem- 
orrhage can usually be controlled by the application of 
a pressure bandage (Feliciano, 1992). 


Initial control of contamination: A ‘golden period’ of 
6 hours exists in which a contaminated wound may be 
cleaned and primarily closed or covered without de- 
velopment of infection. The procedure for cleaning 
wounds is summarized in Figure 17.5. Sterile apparel 
(especially gloves) and instruments should be used to 
minimize further contamination. A large volume of lav- 
age fluid (minimum 500 ml) is used to remove con- 
taminants, debris and bacteria, and to rehydrate the 
tissues. The pressure at which the fluid is applied should 
be sufficient to dislodge contaminants, but applying fluid 
under too high a pressure and inserting the needle deep 
into the wound will force contaminated or foreign 
material deeper, and open up uncontaminated tissue 
planes. Fluid applied through a 20-50 ml syringe with 
a 19 gauge needle will produce a satisfactory pressure 
of 7-9 psi, and will significantly decrease the number 
of bacteria and thus the incidence of infection. The ideal 
flushing solution should enhance bacterial removal 
without being toxic to the tissues. In one in vitro study 
neither phosphate-buffered saline (PBS) nor lactated 
Ringer's caused any significant fibroblast damage 
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compared to normal saline and sterile tap water. Lac- 
tated Ringer's may be the lavage solution of choice in 
the clinical situation (Buffa et a/., 1997). Detergents and 
soaps are cytotoxic, as are some antiseptics, however, 
chlorhexidine 0.05% and povidone—iodine 0.01—1% are 
safe to use. In wounds with gross contamination, tap 
water can be used, followed by a sterile lavage solu- 
tion. However, topical agents such as wound powders, 
inttamammary preparations, hydrogen peroxide and 
alcohol should be avoided. These substances cause 
cell death, provoke a foreign body reaction and inter- 
fere with the healing process. Finally, the wound is again 
covered with a sterile dressing. Time spent minimizing 
contamination (and thus preventing the establishment 
of infection at the earliest possible stage) can signifi- 
cantly shorten the recovery time of wounds. 


Haemostasis 

Cover wound with sterile dressing whilst preparing for lavage 
Apply gel or sterile saline-soaked swabs to the wound 

Clip away hair, working from wound outwards if possible 
Flush wound with sterile saline, remove all contaminants from 
chemical burns 


Take a bacterial swab for culture 
Apply a sterile dressing and bandage 


Summary of emergency wound care. 


Emergency treatment of burns: Evaluation of the 
area of a burn is critical, and thorough and wide clip- 
ping of the area is essential. The damage related to a 
burn and the surface appearance may change in the 
first 48-72 hours, therefore the clipped area should 
be monitored. Burns may appear as reddened areas 
of inflamed skin with a crust or scab over the surface. 
The hair may fall out or be easily plucked from full- 
thickness burns. Partial-thickness burns may be pain- 
ful when touched; conversely full-thickness burns are 
typically non-painful as peripheral nerve endings are 
destroyed. Once the area is assessed, aggressive fluid 
therapy should be started if the burnt area exceeds 
15% of the body surface. Patients should be assessed 
for evidence of dehydration, anaemia and hypoalbu- 
minaemia. Cardiovascular, pulmonary and renal func- 
tion should be evaluated and monitored for several 
days following the injury. 

The area of the burn can be cooled by lavage, and 
in chemical burns all residues should be washed away 
with copious volumes of water. Large burns should be 
cooled with care in order to prevent severe heat loss in 
a debilitated patient. Application of soaked dressings 
or bags of fluid at 3—10°C for at least 30 minutes is 
recommended. The necrotic skin in the eschar has great 
potential for infection and will not be penetrated by 
systemic antibiotics. Until this tissue can be removed, 
it should be protected with topical antibiotics, particu- 
larly silver sulphadiazine in a water-soluble cream, and 
covered with a sterile non-adherent dressing. Defini- 
tive treatment is initiated using principles and tech- 
niques common to the management of other wounds. 
These are dealt with below. 
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Starting definitive wound treatment 

Once the animal is stable and other injuries have been 
addressed, more definitive treatment can be initiated 
(Figures 17.6 and 17.7). Thorough treatment normally 
requires analgesia and general anaesthesia. The 
nature and extent of the wound should be evaluated 
and a plan for subsequent preparation and treatment 
devised. Such a plan will depend on the nature of the 
wound (see Figure 17.4). Wounds should be treated 
in an aseptic fashion using sterile technique and 


sterile apparel. A large area of normal skin around the 
wound should be clipped to allow a thorough inspec- 
tion and to prepare for definitive surgical treatments, 
such as the use of skin flaps (Fowler, 1999). The skin 
is scrubbed thoroughly using a proprietary scrub so- 
lution. Any exposed areas of the wound can be pro- 
tected during this initial phase by covering them with 
a water-soluble gel or swabs soaked in sterile saline. 
Water-soluble gel can be lavaged away together with 
any debris from the clipping and preparation. 


Early management of a dog with bilateral fractures, prior to surgical stabilization. (a) Craniocaudal and 
mediolateral views of a grade | open radius and ulna fracture; air is visible under the skin shadow adjacent to 
the fracture on the medial aspect. (b)There is a closed distal humeral supracondylar fracture in the left forelimb 
(c) Small wound associated with the open fracture prior to treatment. (d) Using aseptic technique, whenever possible 
water-soluble jelly is applied to the wound prior to clipping to prevent hair entering the wound. (e) The wound is flushed 
with a 19 gauge needle, 20 ml syringe and lactated Ringer's solution. (f) A splinted bandage is applied to support the 
grade | open radius and ulna fracture. (g) A spica splint is applied to support the supracondylar humeral fracture 
(h) Definitive stabilization of the radius and ulna fracture is achieved with a type Ib external skeletal fixator once the 
patient is stable for anaesthesia. A non-adherent dressing (e.g. Primapore) is applied to the small wound 
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Aseptic technique 

Evaluation and treatment plan 

_ Preparation of skin and surrounding area 
Debridement 

Lavage 

Bacterial culture and evaluation of contamination 
Evaluation and execution of closure if appropriate 
Administration of appropriate antibiotics 
Application of a sterile dressing and bandage 


Summary of initial definitive wound care. 


Debridement: 


1. Remove all foreign debris such as gravel and 
superficial gun shot (the tissue should not be 
aggressively explored to retrieve all shot). 

2. Dissect out and remove obviously necrotic 
tissue, especially muscle, fat and skin. Nerves, 
blood vessels, tendons, ligaments and bone with 
soft tissue attachments should be preserved. 

3. Leave tissue that has a good chance of viability, 
especially when major structures are involved or 
the wound involves the distal extremities. If 
viability is questionable, a delayed debridement 
can be performed several days later if necessary. 

4. Remove partial-thickness burn eschar by 
‘tangential section’, sharply cutting back the 
tissue parallel to the surface until healthy 
bleeding dermis is encountered. 

5. Debride full-thickness burn eschar vigorously, as 
early as possible, to define its extent. 

6. Control haemorrhage carefully, as blood 
provides the ideal conditions for bacterial 
proliferation. Use pressure and diathermy where 
possible, with ligation for larger vessels. 

7. Lavage the wound with sterile saline as 
described above. 

8. Take a swab for culture at the end of cleaning 
and debridement as this timing has been found 
to produce the most significant results. 


Decisions on the amount of tissue to remove can 
be difficult. The most common cause for delayed wound 
healing and infection is inadequate debridement, there- 
fore aggressive debridement, especially with expend- 
able structures, is often the best policy. There is some 
variation in recommendations for different types of 
tissue, and the following general guidelines are useful: 


* Assess skin viability based on colour, temperature, 
bleeding and pain sensation. Non-viable skin 
will appear black, blue—black or white, feel cool, 
lack pain sensation and not bleed. Skin of 
questionable viability may appear blue or purple 

* Debride muscle until it bleeds and contracts 
following appropriate stimuli 

+ Remove small bone fragments from open fractures, 
as they may prevent complete granulation 

+ Excise contaminated fat aggressively as it is 
easily devascularized, harbours bacteria and is 
expendable. 
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Other techniques that have been used to assess 
tissue viability include dye injection, the use of radio- 
graphic contrast media, transcutaneous oxygen and 
carbon dioxide measurements, and laser and Doppler 
velocimetry (Bellah and Krahwinkel, 1985; Rochat et 
al., 1993). However, visual examination is feasible in 
most situations and was found to be as accurate as 
dye infusion in one study (Bellah and Krahwinkel, 1985). 


Assessment of bacterial contamination: Wound clo- 
sure and antibiotic therapy are influenced by the 
degree of bacterial contamination. Swabbing for culture 
and sensitivity at the end of debridement and lavage is 
sufficient for most wounds healing by second inten- 
tion, as antibiotic therapy can be targeted accurately. 
However, infection is a significant source of morbidity 
in prematurely closed wounds, and further precautions 
may be needed if closure is contemplated. Gross in- 
spection will not determine whether a wound is infected 
or not, but quantitative bacterial counts and culture can 
provide insights into the advisability of wound closure. 
If there are >10° organisms/g or $-haemolytic strepto- 
cocci present, then the wound should not be closed 
(Gfeller and Crowe, 1994). The rapid slide test (RST) 
can be performed prior to attempting wound closure. 
The method involves swabbing 1 cm? of the deepest 
surface of the prepared wound with a sterile cotton- 
tipped swab. The swab is rubbed over 1 cm? of a clean 
microscope slide. The slide is examined under 
microscopy and if even one bacterium is seen, the 
wound should not be closed (Gfeller and Crowe, 1994). 


Closure: After cleaning and debridement, the wound 
may either be closed immediately (primary), left for 
3-5 days and then closed (delayed primary), closed 
after the granulating bed has matured (10 days; sec- 
ondary closure), or left to heal by granulation and re- 
epithelialization (second-intention healing). The wound 
should only be closed if one is confident that all 
necrotic tissue and debris have been removed and if 
closure can be achieved without excessive tension. 
Tension-relieving techniques, such as undermining, 
walking sutures, subdermal suture patterns (inverted 
vertical mattress pattern), vertical mattress sutures, 
far—near—near-—far and far—far—near—near suture pat- 
terns, stented sutures, relaxing incisions, bipedicle 
flaps, V-Y plasties or Z plasties, may be useful in clos- 
ing selected wounds (Pavletic, 1993). 

For wound repair, a small-diameter monofilament 
non-absorbable suture material should be selected, 
although, if available, stapling is faster than suturing 
and is associated with a lower infection rate. Wounds 
treated by primary closure should initially be covered, 
as it takes 24—48 hours for a fibrin seal to form that 
will resist bacterial invasion. Unpublished studies sug- 
gest a 50% higher infection rate in uncovered wounds. 
For selected wounds, drainage should be provided 
because wound fluids and exudates interfere with 
normal healing. A drain can be used for dead space 
obliteration, to eliminate established fluid, and for pro- 
phylactic prevention of fluid or air accumulation within 
a wound. Active suction drains are particularly useful 
under these circumstances (Bellah and Krahwinkel, 
1985; Rochat et al., 1993). In-depth discussions of 
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protracted wound management and surgical recon- 
struction of wounds can be found in the BSAVA Manual 
of Canine and Feline Wound Management and Re- 
construction as well as other specialized texts (e.g. 
Pavletic, 1993). 


Selection of antibiotics: Clean wounds primarily 
closed within 6-8 hours of the injury, and more exten- 
sive wounds correctly treated with debridement and 
lavage, do not need antibiotic therapy provided tis- 
sue damage is minimal. Antibiotic therapy is indicated 
in the management of deep wounds involving mus- 
cle, wounds with severe tissue damage or where tis- 
sue of doubtful viability is left after debridement and 
in patients with systemic infection or which are 
immunocompromised. If antibiotics are given in the 
first 3 hours after injury, they will contact bacteria via 
the fluid in the wound, before debris and fibrin sur- 
round them. To exploit this opportunity, intravenous 
therapy should be started as soon as possible to 
maximize antibiotic levels in tissue and wound fluid. 
As results from culture will not be available at this 
stage, simple guidelines are used to select a broad- 
spectrum antibiotic. Most wounds are exposed to con- 
tamination from Staphylococcus and Streptococcus 
species. Bite wounds may contain Pasteurella and 
Gram-negative species such as Escherichia coli. 
Gram-negative species may also be found in punc- 
ture wounds and in potentially contaminated areas 
such as the perineum. Cephalosporins, trimethoprim— 
sulphonamides, amoxicillin-clavulanate and enro- 
floxacin all have activity against these organisms and 
can be given intravenously. When there is a possibil- 
ity of extensive Gram-negative contamination, an 
aminoglycoside should be considered. Ampicillin and 
penicillin should only be used after culture results 
confirm susceptibility, as in more than two thirds of 
cases the bacteria isolated are resistant to these 
agents (Hirsch and Smith, 1978). 

During definitive treatment, antibiotic therapy can 
be modified on the basis of culture and RST results. 
Unless there is an indication to change or extend the 
course, the most effective, narrowest-spectrum, 
cheapest and safest antibiotic available should be 
continued by injection or orally for 5-7 days. If the 
appearance of the wound does not improve or the 
patient's systemic condition deteriorates, a change in 
antibiotics coupled with re-swabbing the wound is in- 
dicated. Antimicrobial medication can usually be dis- 
continued once a good granulation bed has become 
established (Figure 17.8). 

Systemic antibiotics alone will be adequate in most 
situations, but heavily contaminated wounds and 
burns are best treated with a combination of topical 
and systemic therapy (Figure 17.9). Gentamicin, nitro- 
furazone, bacitracin/polymixin and neomycin may all 
be delivered to the wound via the primary dressing 
layer. Topical antibiotics are particularly useful when 
the contaminants are resistant or difficult to treat sys- 
temically, such as Pseudomonas spp. Soaking the 
primary dressing in tris-EDTA (ethylene diamine tetra- 
acetic acid — tromethamine) also aids the control of 
Pseudomonas (Farca et al., 1997). Tris-EDTAis made 
by combining 1.2 g of EDTA with 6.05 g tris (a buffer), 


(a) Aviisin or shear injuries on the medial 
z aspect of a dog's antebrachium and carpus. 


(b) 10 days later, after the use of wet to dry dressings, 
and then non-adherent dressings, healthy granulating 
tissue is present with evidence of early epithelialization 
and wound contraction. At this stage antimicrobial 
therapy should no longer be necessary. 


For simple wounds, which are treated correctly, do not use 
For serious wounds start broad-spectrum intravenous therapy 
immediately 


Re-assess therapy on the basis of culture, rapid slide test results, 
wound progress and patient's condition 
Once therapy is started, continue for 5-7 days 


Consider combinations of e San A 
heavy contaminated wounds with 


Summary of antibiotic selection 


added to 1 | of sterile water for injection. The pH is 
adjusted to 8.0 using dilute NaOH solution and the 
resulting tris-EDTA solution autoclaved for 15 min- 
utes. Topical water-soluble silver sulphadiazine cream 
can be applied to the eschar in burn cases, to prevent 
the necrotic tissue becoming infected. 


Dressings and bandages 

Dressings are required as a primary contact layer with 
the wound. Maintaining the apposition of the wound, 
provision for the storage of exudates and mechanical 
stability can be achieved using various combinations 
of bandages, adhesives, sutures and external skeletal 
fixation (ESF). Individual bandages are addressed in 
the section on musculoskeletal trauma. The principal 
decision relates to the choice of dressing; selection of 
appropriate dressings depends on evaluation of the 
state of the exposed tissue, the degree of contamina- 
tion and the anticipated production of fluid from the 
wound surface (Figure 17.10). Ideally a dressing should: 
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D 
ş 


Semi-occlusive 
Non-adherent 


Thin perforated polyester film, backed 
with absorbent cotton and acrylic 
fibre pad (Melonin, Smith & Nephew; 
Primapore, Smith & Nephew; 

Figure 17.6h) 


Open-weave gauze impregnated with 
paraffin jelly (Jelonet, Smith & Nephew) 


Primapore 


Non-adherent 

Free draining into absorbent 
secondary dressing 

May be antibiotic impregnated 


Outer polyurethane film, hydrophilic 
core, polyurethane wound contact 
layer (Allevyn, Smith & Nephew; 
Figure 17.15a) 


Hydrocolloid gel (Intrasite, Smith & 
Nephew; Granuflex, ConvaTec Ltd) 


Non-adherent 

Controlled exudate absorption 
Absorbs ten times its own weight 
Keeps wound moist 

Moist environment 
Non-adherent 
Interactive, conformable 


Waterproof (Granuflex) 
Absorbs exudate 


Calcium alginate fibre (Kaltostat, Interactive ion exchange 
ConvaTec Ltd) Haemostatic 

Absorbs 20 times weight 
Open-weave gauze saturated with 
sterile saline 


Wet to dry or wet to wet (Figure 17.11b) 


Debriding — necrotic material 
entrapped as gauze dries, and 
removed at dressing change 


WALS Characteristics of a variety of dressing materials 


* Prevent further contamination 

+ Assist the process of debridement 

* Conduct fluid away from the surface preventing 
pooling, maceration and the formation of an 
environment conducive to bacterial proliferation 

* Prevent desiccation and maintain a moist, well 
oxygenated environment to promote repair. 


The primary consideration for initial management 
of wounds is whether to use an adherent or non- 
adherent dressing. Adherent dressings, such as dry 


May have adherent surround, e.g. 


Clean sutured wounds, Necrotic wounds or those 

abrasions, lacerations and requiring debridement 

minor burns 

Low viscosity exudative wounds | Avoid on granulating wounds 
as interdigitates with 
expanding granulating tissue 
which causes damage at 
removal 

Granulating wounds with some | Necrotic debris 

exudation 

Can be left in position for up to 

5 days 

Granulating wounds including Highly exudative wounds 

those with some necrotic debris 

Can assist in microdebridement 

Vehicle for antimicrobial agents, 

e.g. metronidazole 

Bleeding and exudative wounds | Dry wounds or wounds with 
necrotic slough 

Open degloving wounds, Healthy granulating and 

especially if contaminated or epithelializing wounds 


necrotic. Use in early stages to 
tris-EDTA and antibiotics or 
perfuse solutions to moisten 
dressing continuously 


swabs or sterile saline-soaked swabs that are allowed 
to dry in contact with the wound (wet to dry), aid deb- 
ridement (Figure 17.11). Such dressings are useful in 
wounds that have a considerable amount of necrotic 
debris and where surgical debridement is delayed. 
However, they can be painful to remove and removal 
may disrupt granulation tissue. The wound surface 
may become desiccated if the dressing is too dry, and 
macerated if it is too wet. Non-adherent dressings 
prevent disruption and damage to epithelializing or 
granulating tissue at removal. They vary in their 


(a) This wound over a dog's carpus occurred as a result of a dogfight. There is some granulation tissue 
present but further superficial debridement of the necrotic mucoid layer would be beneficial. (b) ‘Wet to dry’ 
dressings with sterile swabs soaked in sterile lactated Ringer's solution are applied to the wounds 


17.11 
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degree of absorbency, and conduct fluid away from 
the surface to a greater or lesser extent (see Figure 
17.15a). In addition, some of them have interactive 
properties that promote the removal of necrotic de- 
bris and bacteria from the wound surface, but they 
are not as valuable in the process of debridement as 
the adherent dressings. Non-adherent dressings are 
easier to manage, less painful to change and main- 
tain a more constant wound environment. 

Ideally, initial treatment of most wounds should 
be with an adherent dressing to assist microdebride- 
ment, followed by non-adherent dressings once 
granulation commences. However, to ease the 
management of dressing changes, in many cases 
non-adherent dressings can be used throughout 
the healing process. Recent improvement in the prop- 
erties and variety of these dressings, particularly the 
ability of some of them to participate in microdebride- 
ment, allow selection of a dressing with properties 
appropriate to the stage of wound healing. Whatever 
dressing materials are used, a schedule for dressing 
changes should be devised based on the severity of 
the wound. Frequent dressing changes allow more 
accurate monitoring, but may retard healing and 
distress the patient. Dressings on contaminated 


wounds and those with severe skin loss should be 
changed within the first 24 hours. Dressings over 
simple lacerations should be changed after 48-72 
hours. Removal of adherent dressings can be pain- 
ful; pain can be ameliorated by soaking the primary 
layer with sterile saline or 2% lidocaine. The proto- 
col described for initial wound management, particu- 
larly the need to maintain asepsis, should be followed 
as far as possible at dressing changes. 


Musculoskeletal trauma 


Although they are often the most obvious and impres- 
sive part of a case, musculoskeletal injuries have a 
low priority in the initial handling of the trauma patient, 
and emergency care must be directed primarily to- 
wards systemic injuries. Even after evaluation of the 
major organ systems, musculoskeletal injuries can- 
not be considered in isolation. The haemorrhage and 
local disruption of the surrounding soft tissue may pose 
more problems than the injury itself, therefore the in- 
tegrity of all tissue involved and its systemic implica- 
tions must be considered before definitive fixation 
(Figures 17.12 and 17.13). 


Prioritization of 
therapy: radiographs 
of a cat which had recently 
been involved in a road traffic 
accident. (a) The cat has a 
displaced ilial fracture and a 
sacroiliac luxation; it was 
unable to ambulate and had 
neurological deficits 
(b) However the cat was also 
in respiratory distress with a 
tension pneumothorax, which 
required emergency 
thoracocentesis 


17.13 


Soft tissue 
complications of 
fractures, (a) This 
dog presented with a 
severe comminuted 
humeral fracture 

(b) In addition the 
bladder was 
ruptured. Leakage of 
positive contrast from 
the cystogram into 
the abdomen clearly 
demonstrates the 
problem 


259 


Chapter 17 Acute management of orthopaedic and external soft tissue injuries 


Definitive treatment frequently requires a prolonged 
period of anaesthesia to allow accurate evaluation and 
corrective surgery. Most definitive treatment should thus 
be outside the remit of emergency care. However, the 
emergency management of a specific injury can be 
important in improving the systemic condition of the 
animal, and can have as much impact in achieving 
complication-free healing as definitive fixation. 


Fractures and luxations 

Most fracture or luxation presentations are simple, acute 
and have a Clear history related to external trauma. 
Clinical signs include pain, deformity, swelling, crepi- 
tus and instability. The systemic consequences can be 
severe. The osseofascial haemorrhage that occurs in 
closed femoral and humeral fractures can result in up 
to 30% of circulating blood being sequestered at the 
fracture site. Fractures and luxations in which direct 
trauma is clearly not involved require less considera- 
tion of systemic problems in the early phase of treat- 
ment. These include isolated luxations (both traumatic 
and congenital or developmental) and simple fractures, 
such as condylar fractures in puppies which can occur 
when a shear force is transferred indirectly to the bone 
by an axial compression force along the antebrachium. 
In these less common cases, investigation can progress 
more rapidly to a definitive evaluation of the fracture or 
luxation and the underlying cause, once simple sup- 
port and analgesia have been implemented. 


Evaluation 

There are numerous systems by which to evaluate 
and classify fractures. These sytems are mostly used 
in decisions related to definitive treatment, rely on 
accurate imaging and are unnecessary for initial treat- 
ment. A basic evaluation should therefore be made of 
the position of the injury, its relationship to critical struc- 
tures and whether it is open or closed. The accompa- 
nying systematic examination should include a general 
evaluation of the extremities, assessing pulses, neu- 
rological status and the presence of wounds or devi- 
talized skin. Oedema indicates impaired venous and/ 
or lymphatic return caused by haematoma or mechani- 
cal impingement. On the basis of this information, the 
problem can be categorized in the following manner: 


* Fractures and luxations that require prompt 
treatment due to life-threatening complications 
(impacted cranial fractures, spinal fractures/ 
luxations and open fractures involving major 
structures) 

+ Fractures that will benefit from being treated 
immediately, provided the animal is not at 
increased risk from anaesthesia (open fractures 
and luxations) 

+ Fractures that should be treated within 24—48 
hours for optimal results (articular and 
epiphyseal fractures and all other luxations) 

+ Fractures that need to be treated within 5 days 
of occurrence (all other fractures). 


Evaluation of position: Although evaluation of ab- 


normal range of movement, swelling and crepitus is 
useful, manipulation and palpation of fractures or 
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luxations should be minimized to prevent discomfort 
and further damage to adjacent tissue. If the animal 
will lie quietly, it is often possible to take a survey 
radiograph to give information on the position and ex- 
tent of the injury. Even though such radiographs may 
not be accurate enough for use in the definitive fixa- 
tion, they are often the best and least distressing 
method of evaluating the position of the fracture. 


Evaluation of open fractures: The main feature of 
open fractures is that there is direct exposure of the 
bone to the outside environment. Evaluation of the 
grade of open fracture allows straightforward selec- 
tion of therapy and an early indication of prognosis. 
The guidelines for evaluation are: 

Grade | Penetration of the skin by a bony 
fragment from the fracture. The fragment 
frequently retracts back beneath the 
skin. Prognosis is as good as a closed 
fracture, providing that there is aseptic 
wound handling and early fixation 

The fracture is created by an external 
force, which also creates a wound. The 
bone is not directly exposed but 
communicates with the wound and 
there is variable damage and/or loss of 
skin and underlying tissue. Prognosis 
depends on the degree of soft tissue 
loss and contamination 

Severe injuries which are commonly 
associated with high-energy trauma. 
The fractures are often comminuted 
and there is a high degree of tissue 
loss, contamination and devitalization. 
Bony union is normally delayed and 
there are often complications during the 
healing period. 


Grade II 


Grade III 


The prognosis in grade III fractures is variable. In 
some cases it may not be possible to treat the frac- 
ture successfully and initial treatment should be aimed 
towards an amputation. In humans, the grade III group 
has been further subdivided to help in this decision 
(Caudle and Stern, 1987): 


Grade IIIA Despite extensive soft tissue loss and/ 
or high-energy trauma, there is still 
adequate soft tissue covering bone. 
There is a fair prognosis despite 
extended healing time 

Grade IIIB Soft tissue loss is more severe with 
exposure of bone and periosteal 
stripping present; often highly 
contaminated. The prognosis is guarded 
and in some cases will force amputation 

Grade IIIC There is severe tissue damage with major 
arterial damage. The prognosis is poor 
and amputation should be considered. 


Principles of emergency treatment of fractures 
and luxations 

The principles of emergency management of fractures 
and luxations consist of: 
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+ Limiting swelling 

* Prevention of further compromise of blood supply 

« Limiting further soft tissue damage resulting from 
instability 

* Increasing patient comfort and minimizing 
movement (Figure 17.14) 

* Provision of analgesia 

* Treating wounds over open fractures in the 
same way as described previously for other 
wounds. 


Mandible None, or tape muzzle 

Maxilla and cranium None 

Cervical spine Neck splint 

Scapula or humerus None or full spica splint (see Figures 
17.21¢ and 17.22a) 

Radius and ulna or tibia | Support bandage or splinted bandage 

Carpus or tarsus and all | Support bandage 

bones distal 

Thoracolumbar spine Back splint (see Figure 17.24) 

Caudal lumbar spine None 

Pelvis None 

Femur None or a full spica splint 


WALS Emergency stabilization of fractures. 


Application of these principles is primarily depend- 
ent on the position of the injury. Some techniques for 
fracture management are valid for one area and wholly 
inappropriate for another. 

Open injuries should be considered as wounds 
involving a fracture or luxation. The same considera- 
tions of emergency treatment, debridement, contami- 
nation, antibiotics and dressings should be applied 
as outlined earlier. The depth of tissue involved in 
grade II and Ill injuries dictates the application of 
maximal care to these injuries. Early stabilization, 
where possible, reduces discomfort and can speed 
recovery. Temporary stabilization should always be 
considered concurrent with early treatment of the 
wound, as stability promotes wound-healing pro- 
cesses, decreases pain and reduces complications. 
External coaptation can be used if it is appropriate to 
the site. External skeletal fixation (ESF) is often the 
optimal definitive fixation for open fractures. However, 
ESF should also be considered during initial manage- 
ment, as an alternative to external coaptation. ESF 
can be placed rapidly in a closed fashion, and is there- 
fore applicable during anaesthesia for wound debri- 
dement. Unlike external coaptation, ESF allows the 
Stability of the site to be maintained during dressing 
changes, thus reducing pain, the need for sedation 
for dressing changes and the amount of bandaging 
material required. Transarticular ESF (TESF) (Figure 
17.15) can be used to control the stability of a wound 
over a joint, even when no fracture is present, for ex- 
ample after a traumatic luxation with shear injury. 


(a) The hock of the dog shown in Figure 17.8 
with a dislocation and an avulsion or shear 
wound on the cranial flexor aspect of the hock. A non- 
adherent absorbent dressing (Allevyn, Smith and 
Nephew) and hydrocolloid gel (Intrasite gel, Smith and 
Nephew) have been used. (b) 10 days later, after 
stabilization of the hock with a transarticular external 
skeletal fixator and appropriate wound management 
consisting of daily wound flushing and application of ‘wet 
to dry’ or non-adherent dressings as dictated by the 
appearance of the wound. 


17.15 


Selection and use of bandages 
Bandages can be used to stabilize traumatized areas 
and to hold dressings in place. However, it can be 
difficult to place bandages correctly on a distressed 
patient and the benefit of a bandage, particularly com- 
plex ones such as slings and spica splints (Figures 
17.16 and 17.21), must be weighed against the prob- 
lems of possible incorrect placement. Simple band- 
ages also have limitations. The Robert Jones 
bandage, when applied above the elbow or stifle, tends 
to slip down and form a ‘pendulum’ of extra weight at 
or below the joint. Thus, when considering emergency 
stabilization there are several situations in which it is 
better not to apply an extensive bandage, but to use 
cage rest, analgesia and sedation to restrict further 
damage at the fracture site (see Figure 17.14). 
Specific situations in which certain bandage con- 
figurations are appropriate are outlined in Figures 
17.16 and 17.19 and in the text below. Dressings can 
be held in place over the body with wraps, particu- 
larly using the newer elasticated and conformable 
materials. The most useful general configuration is 
the support bandage. 


Support bandage: Support bandages minimize swell- 
ing and oedema, aid haemostasis, provide stabiliza- 
tion and increase patient comfort. True pressure 
bandages are rarely necessary. The Robert Jones 
bandage is known as a pressure bandage but, with the 
deformable materials used, pressure is generally not 
maintained for a significant length of time. Pressure 
gauges placed on the skin under such bandages soon 
return to normal. The bandage should be applied with 
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under compression. Leave pads of 


a primary layer covering any wound, a secondary layer 
of a conformable material such as cotton wool, a terti- 
ary layer using a tightly wound bandage and an outer 
protective bandage. The bandage should be placed to 
follow the normal aspect of the limb (Figure 17.17) and 
can be reinforced by a splint placed after the second- 
ary layer has been pressurized. Splints can be made 
from strips of cast material and therefore conformed 
and customized to the patient, but commercial off-the- 
shelf products are particularly useful for temporary and 
emergency usage (Figure 17.18). 


Bandaging the lower limb. (a) The Robert Jones 

bandaging provides a column of support 
following the conformation of the limb. (b) Carpal flexion 
bandage prevents weightbearing but allows movement 
of the upper limb joints (elbow and shoulder). 
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secondary layer applied | Stable fractures distal to the elbow or 


Do not use in proximal limb fractures, 
rarely of use in elbow or stifle injuries. 
In these cases the bandage may slip 
down and become a pendulum weight 


Do not use in proximal limb fractures, 
rarely of use in elbow or stifle injuries 


Provide sufficient padding to prevent 
sores 


Do not use for antebrachial or distal 
injuries 


Difficult to apply, especially on cats or 
short-legged dogs 


A commercial splint 
with Velcro tapes can 
be applied rapidly to 
provide temporary 
support during 
healing or while 
awaiting definitive 
repair. 


Ischaemic injury 

Ischaemic injury can occur after incorrect application 
of a bandage (Anderson and White, 2000). This is 
attributed to direct pressure necrosis related to 
inadequate or uneven application of padding, or to a 
tourniquet effect resulting in secondary ischaemic 
oedema. All owners of cases discharged with band- 
ages in place should be given written instructions on 
home care and inspection of bandages. If possible 
the nails/pads of the third and fourth distal phalanges 
should be left visible at the bottom of the bandage for 
monitoring. Owners can be asked to assess the ap- 
position of the nails — when swelling occurs the nails 
will part or splay. If an animal shows signs of pain or 
excessive licking or chewing at the bandage, it should 
be removed as soon as possible. All bandages should 
be reassessed within 24 hours to minimize the risks 
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inherent in inadvertent misapplication of the bandage. 
Bandages placed on limbs with vascular injury or 
deep lacerations should be rechecked and changed 
frequently to monitor for increased tissue pressure due 
to oedema. 


Luxations 

Traumatic luxations require definitive treatment as 
early as the systemic condition of the animal allows, 
in order to minimize cartilage destruction, muscle con- 
tracture and periarticular fibrosis. Examination under 
general anaesthesia and the use of two orthogonal 
radiographic views are essential to confirm the pres- 
ence and direction of the luxation, concurrent peri- 
articular injuries and pre-existing disease, such as hip 
dysplasia, which may influence management. There 
is likely to be damage to some part of the bone, mus- 
cle, tendon and ligament complex that confers stabil- 
ity on the normal joint. In some joints, surgical repair 
of this damage, coupled with postoperative support, 


is indicated to maintain reduction (Figure 17.19). The 
hip, elbow, temporomandibular joint and occasionally 
the shoulder have enough inherent stability to remain 
reduced despite some damage, and closed reduction 
of these joints is indicated as a primary treatment (Fig- 
ure 17.20). The Ehmer sling can be used to assist 
stability of the hip joint after reduction, and the Velpeau 
sling may be applied to support the shoulder (Figure 
17.21). In general, surgical reduction and repair of any 
joint should be considered if: 


* Closed reduction is impossible 

+ The joint is still unstable or luxates easily after 
closed reduction 

* Periarticular or articular fractures prevent 
reduction or require fixation 

* Exploratory surgery is required to evaluate 
periarticular structures such as nerves 

* Developmental or congenital abnormalities are 
present which can cause instability. 


dogs 
See Figure 17.20 Ehmer sling or cage 
rest 


Hip Craniodorsal Surgical stabilization ultimately 
required in many cases (15-71%) 
Ventral Closed reduction usually 
successful 
Stifle Cranial Surgical Spica or ESF Repair combination injuries of 
collaterals and cruciates 
Tibiotarsal Variable Bandage, splintor | Repair fractured malleoli and 
E collateral ligaments if possible 
Management of luxations. 
Technique for elbow reduction 
1. Fully flex elbow and abduct and pronate antebrachium whilst medial pressure to caudal ulna to engage i 
2. Extend elbow slightly and then slowly extend elbow further and pronate and adduct applying medial pressure to radial head. 


antebrachium whilst 
3. Use high support bandage or spica, to maintain extension, or carpal flexion bandage to avoid weightbearing. 


Technique for reduction of craniodorsal hip luxation 


3. Manipulate through full range of movement to dispel clots. 


West Technique for reduction of elbow and hip luxations. 


Chapter 17 Acute management of orthopaedic and external soft tissue injuries 


17.21 | g the upper limb. (a) The Ehmer sling is a figure-of-eight bandage, which internally rotates 
and prevents r 


ents re-luxation. (b) The Velpeau sling provides stability for the shoulder area and prevents 
weightbearing by limiting movement of the limb. (e) The spica splint stabilizes the elbow and humerus and can also be 
ised on the hindlimb. The antebrachium is padded with a Robert Jones bandage and there is some padding over the 


capula. A flat lateral splint is placed over the midline at the tip of the scapula and all the way down to the foot. The 

splint can be made from a sheet of thermosetting cast material and pleated for resistance to bending. It is held in place 
with adhesive tape over the Robert Jones dressing and a body bandage around the thorax 

Articular fractures and increasing comfort, but are contraindicated in 
Articular fractures should be treated definitively within some situations. Cats in particular do not tolerate 
24—48 hours, provided the animal can be safely anaes- bandages well and, with closed injuries, cage rest may 
thetized. Accurate reconstruction of articular surfaces, be preferable to bandaging. In general, the joints be- 
compression and rigid internal fixation are essential. low the elbow and stifle can be supported with a band- 
Early return to function minimizes periarticular fibro- age or splint. The elbow and stifle can be supported if 
sis and joint stiffness. Bandages or splints applied prior necessary using a spica splint (Figures 17.69, 17.21c 
to treatment will be beneficial in decreasing swelling and 17.22a). Support of either the shoulder or hip joint 


Bandages in use on ¢ é ` € nofa 
17.22 d : 4 r 
(17.22) shoulder luxation. (b) Robert Jones dressing. (e) Carpal flexion bandage. (d) Hobbles placed on a dog while 


still anaesthetized after surgery 
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prior to definitive treatment is generally not necessary, 
as the large muscle mass surrounding these joints 
provides sufficient support. 


Diaphyseal fractures 

Fractures involving the pelvis, scapula, femur and 
humerus should generally be left unbandaged. The 
muscle mass surrounding these bones provides some 
support, and bandages for these areas are cumber- 
some and restricting. Tubular bandages are ineffec- 
tive in supporting these fractures and tend to form a 
pendulum of extra weight swinging at the level of the 
fracture. Femoral and humeral fractures may be sup- 
ported with spica splints for transport or if repair must 
be delayed. Cage rest with suitable analgesia may 
be preferable. Fractures of the bones below the 
elbow and stifle should be supported with a bandage 
or splint. The combination of a splint and bandage 
(Figure 17.6f) usually provides better stability to a frac- 
tured part than a bandage in isolation, even a well 
padded bandage. 


Spinal fractures 

Spinal fractures are candidates for immediate treat- 
ment, despite the high (40-50%) incidence of con- 
current problems (Selcer et al., 1991). The potential 
for injury to the spinal cord itself is high and early in- 
tervention is essential to allow the maximum chance 
of conserving spinal cord function. There is a risk of 
further injury to the spinal cord during transport and 
examination of the patient. Animals should be trans- 
ported on a flat board, a firm stretcher or slung in a 
strong blanket. 


Examination: Early neurological examination is 
important, but extensive testing involving movement 
of the animal may cause further problems. Particu- 
lar attention should be paid to whether deep pain 
sensation is present, and the testing of local reflexes, 
where all the muscle groups should be observed 
acting coherently. Repeated monitoring is important 
to assess any change in status. Survey radiographs 
of the conscious patient are indicated, as sedation, 
muscle relaxation and positioning for radiographs 
may cause further damage at the site of instability. 
Lateral views of the entire spine are advisable as 
multiple fractures can occur. Oblique views assist 
evaluation of the articular processes and can be 
taken with the animal in lateral recumbency. Posi- 
tioning for dorsoventral views can be hazardous, and 
a horizontal beam view is the preferred option 
(Wheeler and Sharp, 1994). Orthogonal views should 
be taken if the site of injury is not obvious on one 
view (Figure 17.23). 

It is important to assess the stability of the frac- 
ture. Bending, shear, rotational and axial loading 
forces all act on the spine. Radiographic evaluation 
of the damaged areas can indicate the residual capa- 
city of the spine to resist these forces, and indicate 
the optimum fixation technique. The key areas of 
evaluation are the ventral spinal component (i.e. the 
vertebral body and the intervertebral discs) which re- 
sists load and bending, and the articular processes, 
which resist a combination of forces. If one or both of 


17.23 


This cat presented 
with sudden onset 
hindlimb paraparesis 
Patellar reflexes were 
exaggerated and 
sciatic myotatic 
reflexes reduced 

(a) Ventrodorsal 
radiograph of the 
cat's lumbar spine 
There is a left ilial 
fracture. The unusual 
sacroiliac joint was 
considered to be an 
incidental finding 

(b) Lateral 
radiograph shows a 
compression fracture 
of the body of the 
sixth lumbar vertebra 


these areas are severely compromised, the fracture 
will be unstable and a candidate for surgical fixation. 
More complex systems for staging the damage in re- 
lation to stability can be consulted, but the informa- 
tion is often difficult to apply to commonly occurring 
fracture patterns (Smith and Walter, 1985; Patterson 
and Smith, 1992; Shores, 1992). Stress radiography 
under fluoroscopy to evaluate instability should only 
be undertaken with extreme caution (Wheeler and 
Sharp, 1994). If available, other imaging techniques 
such as computed tomography may also be benefi- 
cial, providing information about the spinal cord as 
well as the bony injury. 


Treatment: Owners of animals that are being treated 
for spinal fractures need to commit themselves to a 
4—6-week recovery period to allow an opportunity for 
return to function. Animals without deep pain sensa- 
tion have a poor prognosis for any return to function. 
Although conservative and medical therapy coupled 
with continual reassessment, or exploratory surgery 
to identify a malacic cord, are possible in these 
patients, euthanasia should be considered. 

The treatment of spinal fractures has three com- 
ponents: medical therapy; stabilization; and decom- 
pression (Figure 17.24). Selection of appropriate 
therapy is initially based on the clinical presentation. 
Indications for conservative treatment are: 


¢ Animals that can walk or are paraparetic 

+ Animals that exhibit strong voluntary movement 
and have peripheral pain perception 

* Animals that have minimal pain or pain that can 
be controlled by drugs. 


265 


Chapter 17 Acute management of orthopaedic and external soft tissue injuries 


Cage rest. Confine in very Ambulatory or paraparetic No exposure to Difficult to restrict some animals. Animals 

small space until animals with stable lengthy surgery and anaesthesia | may suffer prolonged discomfort, and 

evidence of healing deficits may worsen or even 

become i 

Back (Patterson Caudal cervical, thoracic | Economical. Provides better Intensive nursing required especially for 

and Smith, 1992) and lumbar injuries Stability than cage rest. Can large dogs. Not ideal if ventral component 
combine with internal involved 

Vertebral body pinning Lumbar fractures Economical. Implants often Weakest form of internal fixation 
readily available 

Dorsal spinous Thoracic and lumbar Effective combined with vertebral | Difficult to apply to small dorsal spinous 

plating. Apply a metal or fractures body plating in resisting bending | processes. Processes may fracture 

plastic plate to dorsal spinous forces 

processes either side of lesion 


wert Treatment options for spinal fractures and luxations. 


Major indications for surgery are: 


* Non-ambulatory animals 

* Palpably unstable or significantly displaced 
injuries 

+ Animals that deteriorate with conservative 
treatment 

* Animals with peripheral pain perception but no 
voluntary movement 

* When decompression is required for displaced 
spinal segments, bone fragments or extruded 
disc material 

* Non-ambulatory animals with no deep pain 

* Animals with significant pain associated with the 
fracture. 


Medical management: Acute injury to the spinal cord 
initiates a sequence of vascular, biochemical and 
inflammatory events that result in secondary tissue 
damage. Medical management includes appropriate 
analgesia once the neurological evaluation is com- 
plete. Patients presented within 8 hours of acute cord 
trauma may benefit from methylprednisolone sodium 
succinate (MPSS) treatment (see Chapter 9), although 
this is controversial. Some would argue that it has 
no benefit and the possible complications, including 
an increased risk of pneumonia, gastrointestinal 
haemorrhage and perforation, may outweigh the 
possible benefits. Analgesics, including opioids and 
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Articular processes may fracture. Immobilizes 
a long segment of spine. Ideally require intact 
ventral component 


Difficult to apply plate in thoracic region as 
need to disarticulate ribs. Little resistance to 
rotational forces 


Occasionally see wound infection and pin 
migration 


Pins may migrate and may provide 
inadequate stability if used in isolation 


non-steroidal drugs, together with confinement and 
immobilization are probably the mainstay of non- 
surgical management. 


Stabilization: Stabilization can be carried out con- 
servatively (Figure 17.25) or surgically depending on 
the clinical signs, radiographic indications of stability 
and anatomical position (Figure 17.24). If surgery is 
indicated, a myelogram or CT can be used to deter- 
mine if there is a significant lesion that requires de- 
compression; however, evaluation of the survey 
radiographs alone may be sufficient to deduce this 
information. Hemilaminectomy should be used for de- 
compression as it has minimal effect on spinal stabil- 
ity. Decompression should always be accompanied 
by appropriate internal fixation. 


SETA Temporary neck splinting for atlantoaxial 
: subluxation fracture. The splint should extend 


from the mandible to the thorax. Careful monitoring is 
required; upper airway obstruction and inability to move 
the chest wall are common concerns. 
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Compartment syndrome 

Acute compartment syndrome following trauma has 
been reported in the dog (De Haan and Beale, 1993). 
Bleeding or tissue swelling within a fascial compart- 
ment can cause a rapid rise in pressure in that com- 
partment, which is responsible for the problem. The 
condition is common in humans, especially associated 
with tibial fractures. Due to the non-specific nature of 
the signs and the difficulty of making a definitive diag- 
nosis, the condition may be underdiagnosed in the dog. 


Pathogenesis 

Physiological compartments are enclosed by skin, 
epimysium, fascia or bone. The term osseofascial is 
used to describe a compartment where bone and fas- 
cia are the barriers to swelling (Basinger et al., 1987). 
Extraneous material, such as a dressing or a cast, 
can also define a compartment. In dogs, osseofascial 
compartments have been reported in: 


* Craniolateral crus 

* Caudal crus 

* Caudal antebrachium 

* Femoral compartment (complex multifascial 
envelope). 


If the pressure in one of these compartments rises, 
the veins will collapse and local venous pressure will 
rise. This reduces the arteriovenous gradient, blood 
flow and tissue perfusion, leading to ischaemia and 
necrosis. Peripheral nerves and muscles have lim- 
ited resistance to hypoxia and are damaged first by 
the rise in pressure, leading to impaired neuromuscu- 
lar function (Rorabeck and McGee, 1990). As there is 
an inverse linear relationship between pressure and 
the time taken for the tissue damage to become irre- 
versible, early treatment is essential. Reperfusion in- 
jury, for example after cast removal, may also play a 
part in the pathophysiology of the condition. Pressure 
can increase for several reasons: 


* Bleeding into the compartment after trauma 

* Increased capillary permeability and swelling 
following ischaemia (reperfusion injury may 
occur here too) 

* External pressure constricting a compartment, 
for example a bandage. 


Normal pressures in muscle average 4 mmHg, 
with a range of 0-8 mmHg. Measurements of mus- 
cle pressure in dogs with compartment syndrome 
reported in the literature were 26-30 mmHg (De 
Haan and Beale, 1993). 


Diagnosis and treatment 

Compartment syndrome should be considered in 
trauma patients with swollen and tense limbs, where 
there is little compliance to surface finger pressure 
and which are especially uncomfortable and resistant 
to analgesia (Figure 17.26). Arterial pulses are still 
palpable, as the pressure does not generally rise 
enough to stop arterial blood flow. There is decreased 
sensation due to nerve compression. It can be diffi- 
cult to differentiate compartment syndrome from ar- 
terial occlusion and neuropraxia. 


A dog with 
suspected 
compartment syndrome. 
(a) A 2-year-old Greyhound 
presented with a comminuted 
humeral fracture with severe 
brachial swelling and intense 
pain associated with the 
area. The dog had intact 
i deep pain sensation and 
weak pulses distal to the 
fracture. (b) Close-up view 
of the brachial area showing 
the swollen tense brachium 
(c) The dog developed 
severe muscle atrophy and 
carpal contracture, similar to 
Volkmann contracture which 
is seen in humans as a 
sequela to compartment 
syndrome. A transarticular 
external skeletal fixator was 
placed across the carpus to 
prevent further contracture 


The only reliable method of diagnosis is to meas- 
ure tissue pressures. Slit catheters, wick catheters, 
needle manometers and continuous infusion systems 
have been used to measure pressure. However, the 
simplest practical system is to use a standard CVP 
manometer linked to an ordinary needle and zeroed to 
atmospheric pressure; the tip of the needle is then placed 
into the compartment and the pressure measured. 

Compartment syndrome should be treated as an 
emergency. Rapid relief of the pressure is necessary 
to prevent irreversible damage resulting from the 
hypoxia and ischaemia. For cases of confirmed or 
suspected compartment syndrome, the treatment is to 
remove the barrier to swelling by cutting the skin, fas- 
cia and epimysial layer. In humans, after fasciotomy 
the incision is left open for delayed closure or split skin 
grafting 7-8 days later, but postoperative management 
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in animals is facilitated by closure of the skin (De Haan 
and Beale, 1993). Fractures concurrent to compartment 
syndrome should be rigidly fixated to promote soft tis- 
sue healing, but this can be delayed if necessary. Re- 
moval of dressings or bivalving casts can reduce 
compartment pressures by 50-85% and should be 
considered if there is a potential for compartment syn- 
drome to occur. Untreated compartment syndrome 
causing prolonged muscle ischaemia can lead to 
Volkmann contracture. 
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Dermatological emergencies 


Petra J. Roosje 


Introduction 


Dermatological conditions in small animals are most 
often chronic problems that do not require emergency 
care. Some acute problems, although not life threat- 
ening, may be alarming to the owner, for example hot 
spots. Other rare conditions, which may not appear 
severe initially, can eventually prove to be fatal to the 
animal, e.g. toxic epidermal necrolysis (TEN). 

As some of the more serious skin diseases can 
be difficult to differentiate from each other on the basis 
of history, physical examination and basic clinico- 
pathological testing, it is important to perform multi- 
ple skin biopsies of early lesions and submit these 
specimens to a pathologist with a special interest in 
dermatology. It is imperative to obtain a precise his- 
tory, description of lesions, possible previous treat- 
ments and response to treatment. This chapter 
describes a selection of acute dermatological condi- 
tions, emphasizing those that may have serious con- 
sequences for the animal's health. 


Juvenile cellulitis 


Juvenile cellulitis (puppy strangles or juvenile pyo- 
derma) is an uncommon disease that affects puppies 
between the ages of 3 weeks and 4 months. The con- 
dition has also been described rarely in adult dogs 
(Jeffers et al., 1995; Neuber et al., 2004). It can occur 
in numerous breeds, although Gordon Setters, Golden 
Retrievers and Dachshunds appear to be predisposed 
(Mason and Jones, 1989; Scott et al., 2001a). The 
cause of the disease is unknown. Secondary infec- 
tion with Staphylococcus spp. may occur. 


Clinical signs 

Initially, affected puppies have a painful and swollen 
face. The eyelids, muzzle and lips are especially 
affected (Figure 18.1). Papules and pustules develop 
within a few days. The pinnae are also often involved 
and, occasionally, the preputial and perianal areas 
may be affected. Other findings commonly include 
enlarged mandibular and prescapular lymph nodes, 
which may become abscessed, rupture and drain 
in some cases. Lethargy, anorexia and fever occur 
in around 50% of the puppies. Small numbers of 
affected animals show joint pain. Occasional pup- 
pies may have a concurrent sterile pyogranulomatous 
panniculitis. 


| 18.1 | Briard puppy with swollen eyelids, nose and 
pinnae due to juvenile cellulitis 


Diagnosis 

Differential diagnoses should include staphylococcal 
pyoderma, demodicosis, drug reaction and angioe- 
dema. Multiple deep skin scrapings should be taken 
to exclude demodicosis. A thorough history will pro- 
vide information about previous drug administration. 
Aspirates of intact lymph nodes and pustules should 
be taken for cytology and bacterial culture. Cytology 
of intact pustules will reveal pyogranulomatous inflam- 
mation without microorganisms. Bacterial cultures of 
intact pustules should be negative unless there is sec- 
ondary staphylococcal infection. Skin biopsy speci- 
mens of early lesions show multiple discrete or 
confluent periadnexal granulomas and pyogranulomas 
consisting of macrophages and neutrophils. 


Clinical management 

Oral prednisolone (1-2 mg/kg/day) should be given until 
the clinical signs improve, usually within 1-2 weeks. 
Corticosteroid administration should then be tapered 
and stopped over 4-6 weeks. Concomitant administra- 
tion of antibiotics is often indicated as secondary bac- 
terial infection is common. Affected puppies generally 
do not recover with antibiotic therapy alone (White ef 
al., 1989). Cefalexin (40-60 mg/kg/day divided into 
two doses) is the drug of choice. Antiseptic washes or 
shampoos containing 2-3% chlorhexidine have been 
recommended, but may cause struggling and stress in 
the puppy. If anorexia or fever is present, more inten- 
sive therapy is required, including the use of intravenous 
fluid and electrolyte administration. Euthanasia may be 
indicated in severe cases (Mason and Jones, 1989). 
The prognosis is generally good, although permanent 
facial scarring can occur. 
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Pyotraumatic dermatitis 


Pyotraumatic dermatitis (‘hot spots’ or acute moist der- 
matitis) is a condition frequently seen in dogs and less 
often in cats. Hot spots are especially observed in young 
dogs. The condition is most commonly reported in heav- 
ily coated breeds such as St Bernards, Golden Re- 
trievers and German Shepherd Dogs but can be seen 
in any breed (Holm et al., 2004). In breeds with a dense 
coat, increased temperature and slow drying of the coat 
make the skin surface favourable to bacterial coloniza- 
tion and overgrowth. Many ‘hot spots’ occur as compli- 
cations of one or more of the factors listed in Figure 
18.2. These factors can induce the itch—lick or scratch 
cycle that varies in intensity with individuals. Lesions 
may be induced within a few hours. 


| 18.2 | Causes of pyotraumatic lesions. 


Clinical signs 

These animals are presented with a history of acute 
onset of disease. The self-induced painful lesion con- 
sists of a well circumscribed area of moist matted hair, 
glued together with exudate (Figure 18.3). Predilec- 
tion sites are the cheek, neck, lumbar region and flank. 


(a) A Pyrenean 
Mountain Dog with 
severe pyotraumatic 
I] dermatitis involving 
the neck. (b) This 
dog presented with 
fever and was treated 
with cefalexin. 
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Diagnosis 

The diagnosis is based on the clinical appearance 
and a history of acute onset. The lesion usually oc- 
curs in an area where the dog can cause self-trauma. 
The primary cause may not always be apparent. 
Clinically it is hard to differentiate true pyotraumatic 
dermatitis from a pyotraumatic folliculitis. Moreover, 
pyotraumatic dermatitis lesions often have histologi- 
cal evidence of folliculitis (Holm ef a/., 2004). It may 
be, however, that folliculitis is a time-related effect. 
True pyotraumatic dermatitis is a superficial process 
consisting of a flat erosive or ulcerated lesion. The 
hair is lost from the lesion but a clear margin is 
present between the lesion and the normal surround- 
ing skin. In pyotraumatic folliculitis, the lesion is thick- 
ened, plaque-like and surrounded by satellite papules 
and pustules. In most patients, hairs epilate easily 
from the inflamed area. 


Clinical management 

The hair on and around the lesion should be clipped 
to allow a better examination of the lesion and thor- 
ough cleaning of the area. As this can be very painful 
for the dog, sedation or anaesthesia may be needed. 
Initial cleaning with a chlorhexidine solution is recom- 
mended. In dogs with severe lesions, the owner should 
continue with daily rinsing or washing of the affected 
area followed by light towel drying of the area. Acom- 
bination product containing antibiotics and corticoster- 
oids should be applied twice daily. In subacute cases 
or in the presence of folliculitis and furunculosis, oral 
cefalexin (40-60 mg/kg/day divided into two doses 
for 3 weeks) should be given. Initially, an Elizabethan 
collar, T-shirt or socks may be used to prevent further 
trauma to the lesion. Topical treatment should be con- 
tinued until the lesion has dried, usually 7—10 days. 
Many dogs do not need oral corticosteroids but if pru- 
ritus is persistent these patients may benefit from a 
short course of prednisolone (1 mg/kg/day for 3-5 
days, then tapered). 

Flea-bite hypersensitivity is often an underlying 
cause, and therefore it is advisable to recommend 
stringent flea control measures. To prevent relapses 
in dogs with a dense coat and without an underlying 
cause (see Figure 18.2), clipping the whole body dur- 
ing summer can be helpful. 


Urticaria and angioedema 


Immunologically mediated urticaria, angioedema and 
anaphylaxis can be thought of as the same disease, 
with variations in severity and target organ. Urticaria 
(hives) consists of focal superficial anaphylactic re- 
actions visible as erythematous wheals. Possible 
causes are listed in Figure 18.4. Dogs are more com- 
monly affected than cats. Urticaria lesions often dis- 
appear within a day but may persist longer, with the 
development of new lesions. A chronic form also ex- 
ists. In angioedema, deep blood vessels are affected 
and the resulting oedema causes diffuse swelling. 
Both diseases result from mast cell or basophil de- 
granulation, which may have an immunological (type 
| hypersensitivity) or non-immunological origin. The 


Foods 
Drugs 


Antisera, bacterins and vaccines 
Stinging and biting insects 
Intestinal parasites 

Sunlight? 


| 18.4 | Factors reported to have caused urticaria 
in dogs and cats. * Reported in dogs only 
(Scott et al., 2001) 


cause of the wheal formation is often hard to identify. 
Wheals can be irritating to the animal and there is a 
risk that associated swelling of the mucous mem- 
branes may obstruct the airway. 


Clinical signs 

Urticaria can develop within a few hours. Lesions may 
be single or multiple and may occur all over the body 
(Figure 18.5). Animals are variably pruritic. Signs of 
angioedema consist typically of facial swelling and 
sometimes swelling of the extremities. Angioedema 
usually does not cause pruritus. 


(a) Multiple urticaria that developed within 
2 hours. (b) Close-up showing erythematous 
wheals. 
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Diagnosis 

The differential diagnosis for urticaria includes fol- 
liculitis, erythema multiforme, vasculitis and neopla- 
sia. Definitive diagnosis is based on obtaining an 
extensive history, and a thorough physical examina- 
tion. Staphylococcal folliculitis can be mistaken for 
urticaria, especially in short-coated dogs, where hairs 
can stand out focally. In staphylococcal folliculitis 
lesions, hairs can be easily epilated and, compared 
with urticaria, lesions are more exudative. Clipping 
of the coat can help to identify the lesions. Skin bi- 
opsy can be helpful for differentiation when the 
lesions persist. 


Clinical management 

Therapy includes avoidance and elimination of the 
aetiological factors. In cases of urticaria, the wheals 
will resolve within a day unless exposure to the 
initiating factor continues or recurs. In this situation 
new lesions may continue to develop. If the animal 
is not distressed by the lesions and pruritus is 
minimal, therapy is not always necessary. It is impor- 
tant, however, to inform the owner of the risk of 
development of angioedema. The prognosis for 
angioedema varies with the severity and location. 
Angioedema of the larynx may produce potentially 
fatal airway obstruction. 

In cases of pruritic urticaria, oral administration 
of prednisolone at 1 mg/kg/day for 1-2 days is often 
sufficient. Antihistamines are not always useful in 
acute urticaria but may help in preventing chronic 
urticaria. Identification and avoidance of the causa- 
tive factor is the most successful long-term treatment. 
When there is life-threatening angioedema, dexa- 
methasone 0.1—0.2 mg/kg i.v. and diphenhydramine 
2 mg/kg s.c. should be given. The animal should be 
closely monitored for signs of respiratory distress 
(see Chapter 7). Anaphylaxis with associated hypo- 
tension is rarely encountered, but should be man- 
aged with intravenous fluids, supportive care, and 
possibly even additional treatment with adrenaline 
0.01—0.02 mg/kg i.v. or i.m., while carefully monitor- 
ing the patient (see Chapter 3). 


Cutaneous drug reactions 


Drugs can induce various cutaneous adverse reac- 
tions with a wide range of clinical manifestations, which 
can mimic many other skin diseases (Figure 18.6). 
The severity of the lesions ranges from local, benign 
reactions to extensive skin lesions that may result in 
death of the animal. Cutaneous drug reactions can 
occur as the result of immunological and non- 
immunological mechanisms. The latter may be due 
to overdosage, cumulative toxicity, genetic predispo- 
sition, interaction of drugs or idiosyncratic metabo- 
lism. These reactions can be evoked by any type of 
drug, including topically applied drugs, shampoos and 
insecticides. Although drug reactions occur in a very 
small number of patients, the incidence may be higher 
than is reported in the literature (Affolter and von 
Tscharner, 1993). 


271 


Chapter 18 Dermatological emergencies 


( 18.6 | Drugs reported as causing drug reactions in 
dogs and cats. (Scott ef a/., 2001). 


Clinical signs 

Lesions can be urticarial, angioedematous, papular, 
exfoliative, vesiculobullous, erythrodermatous or ul- 
cerative. Draining nodular lesions, focal or diffuse alo- 
pecia, fixed drug eruptions (focal to multifocal sharply 
demarcated erythematous lesions) and pseudo- 
lymphomatous changes can also be seen (Affolter and 
von Tscharner, 1993). Diseases that can be caused 
by drug reactions include vasculopathies, panniculi- 
tis, drug-induced pemphigus foliaceous, bullous pem- 
phigoid, superficial suppurative necrolytic dermatitis 
of Miniature Schnauzers, erythema multiforme (EM), 
Stevens-Johnson syndrome (SJS), toxic epidermal 
necrolysis (TEN) and SUS—TEN overlap syndrome. 
Signs of systemic illness can accompany the cutane- 
ous signs. 


Diagnosis 

In addition to an extensive history and complete physi- 
cal examination, other skin diseases should be ex- 
cluded by means of multiple skin scrapings, bacterial 
culture, fungal culture and cytology. Skin biopsies may 
help to define a specific cause for the animal's lesions, 
may reduce the list of differential diagnoses and can 
strongly support the diagnosis of a drug reaction. It is 
important to perform multiple skin biopsies at different 
lesion sites or at sites bordering an ulcerated area. Dis- 
ease-specific histopathological changes are sometimes 
apparent in a few lesions only. Although a histologi- 
cal pattern is not always pathognomonic for a drug re- 
action, the knowledge that a drug reaction can be the 
cause of the cutaneous lesions should lead to a care- 
ful review of the patient's history. The following list may 
help in making a tentative diagnosis of a drug reaction: 


* When askin condition worsens suddenly and 
unexpectedly after initiating drug therapy, or 
when there is a sudden deterioration after an 
initial improvement 

* When skin lesions occur during drug treatment 
for a non-dermatological condition 

* When observed manifestations do not resemble 
known pharmacological actions of the drugs 
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+ When there is a history of previous exposure to 
the drug or related drugs, although prior 
exposure to the drug may have been tolerated 
without adverse effects 

+ When biopsy specimen examination results 
indicate histological features that can be 
consistent with a drug eruption 

* When a physical examination demonstrates 
Clinical signs consistent with a drug eruption 

* When resolution of the signs occurs following 
withdrawal of the drug. This may take 1-2 weeks 
and is dependent on the severity of the initial skin 
lesions and the presence of secondary infections 

* When there is a negative challenge with other 
concurrently used drugs and the appropriate 
elimination of other causes. 


The ultimate test of a causative association is to 
challenge with the suspect drug. This is however not 
without serious risk and is therefore generally not 
recommended. 


Clinical management 

The most important part of the therapy is to discon- 
tinue the suspect causative drug and prevent further 
administration. When animals are receiving several 
drugs (including topical medication or shampoos) they 
should all be discontinued at the same time. If this is 
not possible, the drugs that were added to the regi- 
men last should be stopped first. Most drug reactions 
improve spontaneously within 7—14 days upon drug 
withdrawal. Complete healing may take longer and 
depends on the severity of the skin lesions. Reac- 
tions due to repositol or body-stored agents (i.e. gold 
salts) respond more slowly after the drug has been 
withdrawn, and can continue for long periods. 

Supportive therapy is not necessary unless ani- 
mals have a more severe form of drug reaction such 
as SJS-TEN. If lesions have healed but animals are 
pruritic because of remaining crusts, a mild shampoo 
can be used. The choice of shampoo should be based 
on history of previous use. If the suspected causative 
agent was a sulpha-containing drug it may be safer to 
avoid use of a shampoo containing salicylic acid (Noli 
et al., 1995). 

To prevent future drug reactions it is important to 
inform the owner about the causative agent if known. 
Patients allergic to penicillins should not be treated 
with any other drug from the penicillin group. Cephalo- 
sporins should be used with care in these patients as 
they have a B-lactam ring in common with penicillins. 


Erythema multiforme, Stevens- 
Johnson syndrome and toxic 
epidermal necrolysis 


EM, SJS and TEN are rare diseases. Clinically, se- 
vere cases of erythema multiforme (EM major), SJS, 
SJS-TEN overlap syndrome and TEN can be hard to 
differentiate in dogs and cats. 

The pathogenesis of these diseases is a matter of 
debate, but lesions are a manifestation of a poly- 
aetiological reaction pattern of the skin, caused by 


cytotoxic attack on keratinocytes (Fritsch and Ruiz- 
Maldonado, 2003). In humans, SJS, SJS—TEN over- 
lap syndrome and TEN are more often associated with 
drug administration, whereas EM is usually associ- 
ated with herpesvirus infections (Roujeau and Revuz, 
1994). Aretrospective study demonstrated an absence 
of drug history in dogs with EM, and indications of a 
drug reaction in SUS, SJS-TEN overlap syndrome and 
TEN (Hinn et al., 1998). Other reports, however, have 
suggested an association of EM with a drug history in 
cats and dogs (Affolter and von Tscharner, 1993; Scott 
and Miller, 1999). In cats, EM has been reported to 
occur with herpes infections (Olivry et al., 1999). In- 
fection with parvovirus was demonstrated in one dog 
with EM (Favrot et al., 2000). 


Erythema multiforme 


Clinical signs 

Lesions are variable but are initially characterized by 
acute onset of symmetrical erythematous macules or 
papules that spread peripherally and clear centrally, 
producing annular lesions (target lesions) or arciform 
patterns (Figure 18.7). Urticarial plaques, vesicles and 
bullae or a combination of lesions may be seen. Later 
in the course of the disease, the epidermis sloughs 
and erosions and ulcerations appear. Mucosal lesions 
consist of vesicles, bullae and ulceration. Animals may 
have cutaneous pain. Some animals may have a posi- 
tive Nikolsky’s sign, which is elicited by applying pres- 
sure with a blunt object like a pencil on a vesicle or to 
the edge of an ulcer, erosion or normal skin. The 
Nikolsky’s sign is positive when the outer layer of the 
skin (epidermis) is easily rubbed off or pushed away, 


| 18.7 | Target lesions in a dog with erythema multiforme. 
18.7 x , has 

The causative drug was not identified because 
the dog had received multiple drug therapy. 


Flat or raised, focal to multifocal, target or polycyclic lesions 
Number of mucosal surfaces involved 


Erythematous or purpuric, macular or patchy eruption (% total body 
surface area (TBSA)) 


Epidermal detachment (% TBSA) 
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indicating poor cell cohesion. In dogs the ventrum, 
mucocutaneous junctions, oral cavity, pinnae and 
footpads are often affected. In cats, lesions are most 
commonly seen on the trunk, oral cavity and muco- 
cutaneous junctions. The mild form of erythema 
multiforme (EM minor) can run a short course with 
less extensive skin lesions. 


Diagnosis 

The diagnosis of EM is based upon history, indication 
of a previous or concurrent viral infection, clinical fea- 
tures, exclusion of other diseases and histopathology 
of multiple skin biopsy specimens. The list of differen- 
tial diagnoses includes bacterial folliculitis, dermato- 
phytosis, demodicosis, urticaria, vasculitis, Sweet's 
syndrome, SJS, SJS—TEN overlap syndrome, TEN 
and autoimmune diseases. Clinical differentiation be- 
tween EM, SJS, SJS-TEN overlap syndrome and TEN 
is currently based on an adapted clinical classifica- 
tion for dogs (Hinn et al., 1998) (Figure 18.8). Of note, 
if the disease is initially recognized at an early stage, 
the lesions may still progress. Additionally, it is impor- 
tant to look carefully at the haired skin and mucosae 
to ensure that the extent of the disease is not under- 
estimated. The most characteristic histological change 
in EM is apoptosis with lymphocyte satellitosis. An in- 
terface dermatitis is invariably present. 


Clinical management 
The disease may be mild with spontaneous regres- 
sion of lesions within a few weeks. It is of great impor- 
tance to try to identify an underlying cause and treat 
accordingly. The use of glucocorticoids is controver- 
sial. In contrast, if extensive vesiculobullous lesions 
or ulceration are present, the prognosis is guarded. 
Anecdotal reports suggest that ciclosporin (5 mg/kg/ 
day) and pentoxifylline (25 mg/kg twice daily) are help- 
ful (Scott et al., 2001b). Care should be taken to avoid 
the use of immunosuppressive drugs in cases of virus- 
associated EM in both dogs and cats. 

When animals suffer from severe forms of EM, they 
may need more intensive therapy, as discussed be- 
low for SUS and TEN. 


Stevens—Johnson syndrome, SJS-TEN 
overlap syndrome and toxic epidermal 
necrolysis 


Clinical signs 

Many animals have an acute onset of fever, anorexia 
and depression with development of extensive 
vesiculobullous lesions all over the body, as well as 


18.8 Proposed criteria for the clinical classification of erythema multiforme (EM), Stevens-Johnson syndrome (SJS) 
and toxic epidermal necrolysis (TEN). (Hinn et al., 1998) 
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mucous membranes (including the conjunctiva), mu- 
cocutaneous junctions and footpads. Vesiculobullous 
lesions have a very short lifespan, and may progress 
to epidermal sloughing and ulceration within hours 
(Figure 18.9). These patients often have cutaneous 
pain and show a positive Nikolsky’s sign. 


( 18.9 | Ulcerative lesions of toxic epidermal necrolysis 
due to a trimethoprim-sulfadiazine reaction 


Diagnosis 

The differential diagnoses include burns, autoimmune 
diseases, erythema multiforme, vasculitis and epithe- 
liotropic lymphoma. Clinical differentiation between 
EM and SJS-TEN is based on the adapted clinical 
classification for dogs (Hinn et al., 1998) (Figure 18.8). 
For histopathology, it is important to perform biopsies 
of intact epidermis. Areas of erythema without ulcera- 
tion should be chosen. 

Histopathology will show hydropic degeneration of 
basal epidermal cells, full-thickness coagulation of the 
epidermis and typically minimal dermal inflammation 
(‘silent dermis’). Dermoepidermal separation results 
in subepidermal vesicles. 

Unfortunately there is often an overlap between 
the histological changes in EM, SJS and TEN. The 
Clinical diagnosis supported by compatible histopatho- 
logical findings should be used to examine whether 
causative drug exposure is likely (SUS, SUS-TEN 
overlap syndrome, TEN) or not (EM). 


Clinical management 

The treatment of SJS—TEN includes elimination of the 
underlying cause and symptomatic and supportive 
measures. These animals may lose a considerable 
part of the epidermis. Fluids, electrolytes and proteins 
are lost and secondary bacterial infections occur. It is 
therefore imperative to handle these patients with the 
utmost care and keep their surroundings as clean as 
possible. The success of management of patients with 
TEN may increase when they are not bathed or clipped 
(Reedy et al., 1997). 

In addition to the skin, other organ systems may 
become involved during the course of the disease. It 
is helpful to collect blood and urine samples to estab- 
lish baseline values. Oedema may develop and many 
animals succumb to the development of secondary 
factors such as shock, sepsis or disseminated intra- 
vascular coagulation (DIC). 

As well as supportive intravenous fluid administra- 
tion and pain management, antibiotics are indicated 
to address secondary bacterial infection, the choice 
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being based upon earlier drug administration. The 
benefit of corticosteroid administration in these cases 
is controversial and the response may be poor. SJS, 
SJS-—TEN overlap and TEN in humans are often treated 
with intravenous administration of purified human 
immunoglobulins (IVIG) (Prins et a/., 2003). Success- 
ful treatment with IVIG was reported in a dog with SJS, 
a dog with TEN and a cat with EM major (Byrne and 
Giger, 2002; Nuttall and Malham, 2004). IVIG should 
be administered slowly over 6-8 hours at a recom- 
mended dosage of 0.5-1 mg/kg (Hohenhaus, 2005). 
The same dose can be repeated on the following day. 
In humans several reports describe the successful use 
of ciclosporin, and use of this drug could be consid- 
ered in veterinary patients. 

The prognosis is generally guarded or poor. In 
humans, the extent of the skin lesions gives an indi- 
cation of the prognosis. Whether this is true for ani- 
mals is not clear. 


Primary irritant contact dermatitis 


Irritant material coming into contact with animal skin 
can cause irritant dermatitis (Figure 18.10). The 
mechanism by which the epidermal cells are affected 
varies with the substance. Irritant dermatitis is there- 
fore a heterogeneous disease with variable clinical 
manifestations. 


Flea collars 
Tar 
Caustic substances 


(18.10 | Substances that may cause irritant contact 
dermatitis. 


A thorough history may give an insight as to 
whether any irritant substances were used on the 
animal or whether there are possible agents in the 
environment that could cause irritant dermatitis. The 
location of the lesion should fit with possible contact 
with the agent. 


Clinical signs 

Environmental irritants typically produce lesions 
where the hair coat is thin or missing and where the 
body parts have contact with the irritant. Suscept- 
ible areas are the abdomen, thorax, interdigital 
spaces, legs, axillae, scrotum and flank (Figure 
18.11). Oral lesions can occur when the animal has 
licked the primary skin lesion. When the offending 
agent is a liquid or a collar, the skin lesions occur 
where the substance touched the skin. Erythema or 
papules are primary lesions. In more chronic cases 
erosions, crusts, lichenification or ulcerations may 
occur. Pruritus may occur and can influence the 
appearance of the primary lesions. 


Wow r 
` k aad wr 
ED Erythema and crusts due to an irritant contact 
dermatitis 
Diagnosis 


A careful history and physical examination may lead 
to a tentative diagnosis. When the irritants are less 
toxic, obtaining a definitive diagnosis is more difficult. 
The differential diagnoses should include atopic 
dermatitis, adverse food reaction, allergic contact 
dermatitis, Malassezia dermatitis, drug hypersensi- 
tivity and ectoparasite infestations. 


Clinical management 

The causative agent should be removed and further 
contact avoided. Washing of the animal may help to 
dilute or eliminate the agent. If the dog or cat tries 
to lick or bite at the lesion, an Elizabethan collar or 
bandaging of the affected area may help. With removal 
of the agent the lesions should heal spontaneously. 
When animals are very pruritic, oral prednisolone 
1 mg/kg/day for 1 week may be indicated. 


Canine uveodermatological 
syndrome 


This syndrome occurs in many breeds but is most of- 
ten seen in Arctic breeds such as Huskies, Samoyeds, 
Malamutes or Akita Inus. Acute clinical signs consist 
of uveitis with depigmentation primarily of the nasal 
planum, eyelids and lips. The skin changes usually 
occur simultaneously with or shortly after the ocular 
signs. Leucoderma (nonpigmented skin) and leucot- 
richia (white hairs) develop in the more chronic phase 
and can become widespread. Although the exact 
pathogenesis is unknown, it is considered to be an 
immune-mediated disease in which melanocytes are 
the immunological target. 


Clinical signs 

In dogs, the syndrome is characterized by acute on- 
set of uveitis and/or depigmentation of the iris. Der- 
matological signs may occur concurrently with, or 
subsequent to, the ophthalmological problems and 
include depigmentation of the nasal planum, eyelids 
or mouth and erosive, crusting lesions around the 
eyes, muzzle and ears (Figure 18.12a). 


Diagnosis 

After a thorough history and physical examination, 
multiple skin biopsies should be performed. Differen- 
tial diagnoses include pemphigus foliaceous, discoid 
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(a) Depigmentation 
of the nasal planum, 
perinasal and 
periocular erosions 
and erythema 

(b) Repigmentation 
of the nasal planum 
and leucotrichia after 
4 months of therapy 
with azathioprine 
and prednisolone. 


lupus erythematosus, leishmaniasis, vitiligo and thal- 
lium toxicosis. Histopathology will reveal an interface 
dermatitis with melanin drop-off and macrophages 
loaded with melanin. 


Clinical management 

Dogs with this disease can be considered dermato- 
logical emergency patients. Treatment of ocular path- 
ology is required to prevent the development of a 
panuveitis and possible blindness (see Chapter 10). 
Ophthalmic examinations should be periodically 
performed even when the cutaneous changes are in 
remission. The skin lesions are treated with a combi- 
nation of azathioprine 1-2 mg/kg/day and pred- 
nisolone 2 mg/kg/day. Initial haematology is indicated 
to facilitate monitoring for azathioprine-induced bone 
marrow depression. Generally, azathioprine should be 
given at the above dosage for at least a month or until 
lesions have resolved, whereas prednisolone may be 
tapered to an alternate day regimen after 1-2 weeks, 
depending on effect. Monthly rechecks and repeat 
haematology should be scheduled. Unfortunately, 
many of these animals require lifelong treatment and 
it is therefore important to try to taper the medication 
to the lowest effective dose. Where animals respond 
to lower doses of treatment drugs, the prognosis for 
the dermatological changes is usually good, with 
repigmentation often occurring, although leucotrichia 
may remain (Figure 18.12b). 
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Burns 


Burns may result from radiation therapy, microwave 
radiation and thermal or chemical insult to the skin. 
Thermal burns may result from the use of fires, heat- 
ing pads/lamps (Figure 18.13), hair dryers, improp- 
erly grounded electrosurgical units, boiling water or 
oil. Chemical burns may result from contact with caus- 
tic or acid materials. Burns are classified according to 
their depth. 


(18.13 | (a) A cat with burn wounds caused by electric 
current. Note the dry crusts. (Courtesy of 

Dr Peter Kronen, Vetsuisse Faculty-University of Berne) 
(b) Burn wounds caused by heating lamps 


Superficial partial-thickness burns affect only the 
epidermis, which becomes thickened and erythema- 
tous and ultimately desquamates. The burn usually 
heals by re-epithelialization in 3-6 days, and hair 
regrowth is likely. 

Deep partial-thickness burns involve the epider- 
mis and part of the dermis. In these cases a marked 
subcutaneous oedema and inflammatory response 
occur. These burns heal by re-epithelialization from 
the remnants of hair follicles and sebaceous glands 
and from the wound edge. Healing rate and quantity 
of hair regrowth depend on the depth of the burn. 

In full-thickness burns, destruction of all cutane- 
ous structures occurs and a dark brown insensitive 
leathery covering (eschar) is formed. After removal or 
sloughing of the eschar these wounds heal slowly by 
contraction and re-epithelialization. Hair regrowth will 
not occur and full-thickness burns often need surgi- 
cal intervention. 
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Burn wounds may not only cause local tissue dam- 
age but can also cause severe systemic pathology. 
The respiratory system should be carefully evaluated 
in case of concurrent smoke inhalation (Chapter 7). 
Burn patients exhibiting clinical signs of shock require 
intensive aggressive therapy, including management 
of fluid and electrolyte balance and body tempera- 
ture; due to increases in metabolic demand, a nutri- 
tious, high-calorie, high-protein diet should be fed if 
liver and kidney function are adequate. Monitoring of 
vital signs, mental status, body weight and urine out- 
put should occur throughout treatment. The minimum 
database should include a complete blood count, 
chemistry screen, urinalysis and blood gases (where 
available). Depending on the total body surface area 
involved, secondary bacterial infection is common due 
to tissue necrosis and loss of barrier function. This 
can lead to life-threatening sepsis. 


Clinical signs 
Burns in haired areas caused by microwave radia- 
tion, electric currents, chemicals, heating pads, or 
cage dryers may not be obvious to the owner for a 
few days after the injury. Well demarcated erythema 
occurs initially, and the lesions often feel hard and 
dry. This stage is followed by development of adher- 
ent crusts, erosions or the odour of necrosis. The 
shape of the lesion (angular borders, ‘drip-pattern’ or 
symmetry) may suggest the origin of the burn. 
Burns caused by hot metals or fire are usually 
immediately obvious but it may take 24—48 hours 
before the full extent of the lesion is visible. Chemi- 
cal burns are erosive and necrotic in nature and 
it can take 24—48 hours before their maximum ex- 
tent is seen. 


Diagnosis 

The diagnosis is clear when the burn incident was 
observed, but may be less so if it was not witnessed, 
especially when the burn is superficial. A complete 
history and physical examination, including eyes, ears, 
oral cavity, respiratory tract, urogenital tract, anus and 
footpads should be performed. The presence of cir- 
culatory shock and/or respiratory thermal injury should 
be assessed. Biopsy specimens of different points of 
the lesion (especially the margins) can be helpful to 
discern between chemical or thermal burns and elec- 
trical burns. 


Clinical management of thermal wounds 

If an owner calls immediately after a burn due to hot 
water or a chemical substance the best immediate 
therapy is to rinse the site with cold tap water for at 
least 10 minutes. Identification of the chemical sub- 
stance is useful for choosing a neutralizing agent that 
can be applied after lavage. The depth and the extent 
of the burn (percentage of total body surface area, 
TBSA) should be assessed. A decision should be 
made whether: 


* The thermal injury is minor, requiring only local 
therapy 

* Local wound care and systemic therapy are 
indicated 


* The animal is burnt to such an extent that 
euthanasia is indicated. Euthanasia should be 
considered when full-thickness burns cover 
more than 30-50% of the TBSA or when there 
are severe burns of the face or genitalia with a 
chance of permanent deformity (Swaim and 
Henderson, 1997). 


Extensive burns generate extensive costs and this 
should be communicated to the owner at an early stage. 

Evaluation of the depth of a burn may be difficult 
in the early stages following injury. If hair is still present 
and epilates easily, it generally indicates a deep burn. 
Analgesia should be provided, and the patient may 
be sedated to facilitate treatment. Care should be 
taken if ventilatory or cardiovascular function is com- 
promised. Hair should be clipped carefully from the 
burned surface. If the burn has just occurred, appli- 
cation of saline or water (3—17°C) for at least 30 min- 
utes may relieve pain and arrest the progression of 
the burn. When large burns are present, care should 
be taken to avoid hypothermia. 

The following procedures should be considered: 


* Topical antibacterial prophylaxis is the basis for 
bacterial control. Wounds should always be 
handled with gloves to minimize the risk of 
further infection 

* To help soften and separate viable from 
non-viable tissue in superficial and deep 
partial-thickness burns, the wound can be gently 
spray lavaged with warm water. Alternatively a 
wet bandage impregnated with an antimicrobial 
agent such as povidone—iodine and used as a 
wet to wet bandage can be applied. Necrotic 
tissue can be debrided from the wound after the 
lavage or in between the wet to wet bandages, 
which should be kept in place for several hours at 
a time. It must be kept in mind that moist 
applications can accelerate bacterial proliferation. 
Between lavages, bandages with a water-soluble 
medication should be applied. A silver 
sulfadiazine medication is used most commonly 

* Superficial partial-thickness burns can be 
allowed to heal as an open wound 

* In deep partial-thickness burns, the resulting 
wound can be allowed to heal by contraction and 
re-epithelialization with regular bandage changes 
and systemic medication. Wound healing is 
supported by a moist environment. Alternatively, a 
combination of reconstructive techniques and 
healing as an open wound may be used 

* In full-thickness burns with areas of demarcated 
devitalized tissue, the tissue can be debrided by 
wound excision and eschar removal. An eschar 
may protect the underlying tissue from electrolyte, 
fluid and protein loss, but it can also harbour 
bacteria and influence wound contraction. Total 
removal of the eschar is indicated when the 
animal is stable enough for anaesthesia 
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+ When all of the devitalized tissue has been 
removed from a full-thickness burn, it should be 
decided if the wound can be closed by 
relocation of local tissue using a skin flap. 
Consultation with a surgical specialist is 
advised for animals with extensive lesions or 
systemic signs. 
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Toxicological emergencies 


Robert H. Poppenga 


Recognition of the intoxicated patient 


Given the wide range of effects caused by the inges- 
tion of poisons, recognition of an intoxicated patient 
can be difficult, particularly in the absence of a history 
of exposure. Alternatively, animal owners are often 
convinced that the illness of a pet is due to malicious 
poisoning or exposure to an industrial or environmen- 
tal poison. The clinician should not be misled by alle- 
gations of intoxication, but rather the objective historical 
and clinical findings should guide the case work up. 

Historical clues to possible poison exposure in- 
clude recent changes in routine, such as dietary 
change or access to a new environment, acute illness 
after a period of being unsupervised, acute onset of 
neurological or gastrointestinal signs, and liver and/ 
or kidney failure. Correlation of the onset of illness 
with recent use of pesticides or household products 
may be important. Illness from poisons such as lead 
can be associated with renovation of older buildings. 
Access to human medications and herbal remedies 
should be included in initial questioning. 

Identification of affected organ systems from the 
initial physical examination and laboratory work up of 
a patient is extremely useful in formulating a list of 
differentials. The occurrence of several clinical signs 
characteristic of a particular toxic syndrome can be 
helpful. For example, muscarinic receptor overstimu- 
lation manifested clinically by DUMBELS (diarrhoea, 
urination, miosis, bronchospasm, emesis, lacrimation 
and salivation) is strongly suggestive of intoxication 
by a cholinesterase-inhibiting insecticide. Visual ex- 
amination of vomitus may reveal coloured baits or frag- 
ments of medications. Detection of specific odours 
may provide useful clues, e.g. organophosphorus has 
a garlic-like odour that might be detected in vomitus 
or on the skin. 


Management of the intoxicated 
patient 


Each situation is unique and the approach must be 
tailored ultimately to the individual patient. In some cir- 
cumstances, certain steps may be unnecessary. For ex- 
ample, there may not be an antidote for a given poison 
or a way to enhance its elimination once it has been 
absorbed systemically. A general approach to manage- 
ment of the intoxicated patient should adhere to the fol- 
lowing principles (Shannon and Haddad, 1998): 
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* Stabilize vital signs 

* Obtain a history and clinically evaluate the 
patient 

* Prevent continued systemic absorption of the 

poison 

Enhance elimination of absorbed poison 

Provide symptomatic and supportive care 

Administer an antidote if indicated and available 

Closely monitor the patient. 


In recently exposed animals, the severity of poi- 
son exposure must be determined in order to choose 
the appropriate sequence of management steps (Fig- 
ure 19.1). Several factors must be considered, includ- 
ing the inherent toxicity of the chemical, the dose, the 
species and age of the animal and the presence of 
underlying disease conditions. For example, close 
monitoring at home for several days may be sufficient 
for management of recent ingestion of an anticoagu- 
lant rodenticide at well below reported toxic doses 
(less than or equal to one tenth of an LD,,). Ingestion 
of higher doses of a toxicant may warrant administra- 
tion of an adsorbent, a cathartic and/or a specific 
antidote, followed by close monitoring in the clinic. 

If a known or suspected poison has been ingested, 
specific veterinary advice and information may be 
sought from a central database of veterinary toxicities. 
In the UK registered practices can contact the Veteri- 
nary Poisons Information Service (VPIS) on 0207 635 
9195 or 0113 245 0530. In the USA, the ASPCA Ani- 
mal Poison Control Center can be contacted on 888- 
426-4435. If there is no information available about 
toxicity to the particular animal species exposed, tox- 
icity may be extrapolated from other species. Ulti- 
mately, the advice to “treat the patient and not the 
poison” is sound. 

Specific approaches to stabilization of vital signs 
are discussed in other sections of this manual. At- 
tention should be paid to maintaining a patent air- 
way and providing adequate ventilation, maintaining 
cardiovascular function with attention to appropriate 
fluid and electrolyte administration, maintaining 
acid—base balance, controlling central nervous sys- 
tem (CNS) signs, such as seizures, and maintaining 
body temperature. 

Once vital signs are stable, a thorough history 
should be obtained while the animal is being further 
evaluated. If blood or urine samples are obtained, 
specimens should be set aside for possible toxico- 
logical testing (Figure 19.2). 
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Mild to Activated charcoal**, See text for further 
moderate observation and monitoring case management of: 


Seriousness of Petroleum Observe and 
ingestion hydrocarbons, monitor 
(toxicant, species, age, corrosives 


underlying disease) 
Alcohols Emesis” or 
gastric lavage 
Emesis” or 
gastric lavage 
Emesis” or gastric | Anticoagulant rodenticides, 
lavage, AC** cholecaiciferol 


OP/carbamate insecticides, 


Severe or 
unknown 


NSAIDs, paracetamol, 
Petroleum Observe and amanitin, algal toxins, 
hydrocarbons, monitor tremorgenic mycotoxins, 
corrosives, aflatoxins 
alcohols 


WBI, monitor, 
consider surgical 
removal of lead 
or zinc objects 


* Contraindications to the Substances AC**, consider 
induction of emesis include: with delayed 
presence of seizures, severe absorption 

depression or coma, loss of 

normal gag reflex, hypoxia, 

species unable to vomit and 

known ingestion of corrosives 

(acids or alkalis) or volatile 

petroleum hydrocarbons 


** Single or multiple doses 

depending on toxicant ingested 
Treatment algorithm for initial management of small animal intoxications (AC, activated charcoal; 
WEBI, whole bowel irrigation). 


null a a sd 
5 ml, EDTA/heparin tube, refrigerate 
5-10 ml, serum clot tube or plastic vial, frozen 
100 g, plastic bag or vial, frozen 
100 g, plastic bag, frozen 
100 g, plastic bag, frozen 
Right or left half, plastic bag, frozen 
5-20 mi, plastic container, frozen 
1 kg, plastic container, frozen if wet food otherwise refrigerated (dry or semi-moist food) 
1 litre, plastic or clean glass container, refrigerated or frozen 
Environmental samples (bedding, soil, paint) Check with laboratory 
| 19.2 | Routine samples and amounts to submit for toxicological investigations. * The best sample for some 


intoxicants may be other than those listed. For example, lung tissue is one of the best samples to submit for 
the postmortem detection of paraquat. 
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Administration of specific antidotes 
Antidotes should be administered if indicated and 
available. In some situations, it may be critical to ad- 
minister an antidote quickly. For example, in suspected 
cholinesterase-inhibiting insecticide intoxications, 
administration of atropine may be essential to control 
life-threatening signs before proceeding with subse- 
quent management steps. 


Figure 19.3 lists antidotes that should be immedi- 
ately available, based on the frequency with which 
intoxications occur as reported by animal poison con- 
trol statistics. Figure 19.4 lists antidotes that may be 
needed less frequently. A source such as a human 
hospital or pharmacy should be identified for obtain- 
ing the latter antidotes, prior to their need in an emer- 
gency situation. 


Paracetamol Loading dose of 140-280 mg/kg orally or 140 mg/kg in 5% dextrose/water i.v. followed by 
maintenance dose of 70 mg/kg orally q6h for 2-3 days 
Anticoagulant 1st generation anticoagulants: 1 mg/kg orally in divided doses q8-12h for 4-6 days 
rodenticides For 2nd generation anticoagulants: 2.5-5.0 mg/kg orally for 2-6 weeks in divided doses q8-12h 
OP/carbamate 0.1-0.2 mg/kg (given until muscarinic signs controlled), '/, initial dose given i.v. with the 
insecticides remainder given i.m. or s.c. 
Given as needed 
20 mg/kg i.m. or slow i.v. q8-12h 
(2-PAM) 
Cholecaleiterol 4-6 IU/kg s.c. g6-12h 
Ethylene glycol Ethanol (20%) Dogs: 5.5 ml/kg by slow i.v. infusion every 4 hours for five treatments then every 6 hours for four 
treatments 
Cats: 5 ml/kg by slow i.v. infusion q6h for five treatments then q8h for four treatments 
Dogs: initial dose of 15 mg/kg slow i.v. in 5% dextrose or 0.9% saline solution. This is followed by 
10 mg/kg q12h for four doses and then 5 mg/kg q12h (ideally until ethylene glycol serum levels 
fall below 3222 umol) 
Cats: 125 mg/kg i.v. at 1, 2, and 3 hours after ethylene glycol ingestion followed by 31.25 mg/kg 
i.v. at 12, 24 and 36 hours post-ingestion (Thrall et al., 2006) 
Lead, arsenic 10 mg/kg orally q8h for 5 days followed by 10 mg/kg orally q12h for 2 weeks 
Lead, zinc CaNa, EDTA 25 mg/kg q6h as a 1% solution (in 5% dextrose/water) for 5 days. Provide 5-day rest period 
between courses of treatment 


| 19.3 | Antidotes for some common intoxications. 


inden [Andale | Dosage 


Arsenic, cyanide 30-40 mg/kg of a 20% solution i.v., may be repeated 

Copper, lead o-Penicillamine Copper: 10-15 mg/kg/day orally 
Lead: 110 mg/kg/divided g6h orally for 1-2 weeks, re-evaluate animal 1 week after cessation of 
initial course 

Cyanide 16 mg/kg of a 1% solution i.v., given only once 

Iron Deferoxamine Not determined; for children the dose is 20 mg/kg i.m. or slow i.v. followed by 10 mg/kg at 4-hour 

mesylate intervals depending on clinical response. Subsequent doses of 10 mg/kg may be given every 

4-12 hours 

Cholecalciferol Pamidronate Not determined. In dogs, 1.3 mg/kg i.v. in 150 ml normal saline 1 and 8 days after ingestion of a 
toxic dose of cholecalciferol was effective in decreasing hypercalcaemia 

Nitrites, chlorates Methylene blue Dogs: 8.8 mg/kg of a 1% solution given by slow i.v. drip 
Cats: not recommended 

Opioids Naloxone Not determined. In children a dose of 2 mg is given i.v. If there is no response, a second dose of 


2 mg is given. This dose is repeated every 2 minutes until there is a clinical response or 
10-20 mg has been given (if no response to this dose, opioid overdose can be ruled out) 


Follow specific antivenin recommendations 


Arsenic and mercury | Dimercapro! (BAL) 2.5-5.0 mg/kg of a 10% solution in oil i.m. q4h for 2 days then q12h for the next 10 days or until 
recovery 


| 19.4 | Less commonly used antidotes. 


Gastrointestinal decontamination 
Gastrointestinal decontamination (GID) is a critical 
component of case management, which may prevent 
the onset of clinical signs, significantly decrease their 
severity or shorten the course of intoxication. GID 
consists of (Shannon and Haddad, 1998): 


* Gastric evacuation 
* Administration of an adsorbent 
* Catharsis. 


Gastric evacuation 

Approaches to gastric evacuation include induction 
of emesis with emetics such as syrup of ipecacuanha, 
3% hydrogen peroxide, washing soda (sodium carbon- 
ate) crystals, apomorphine or xylazine (Figure 19.5), 
and gastric lavage. Induction of emesis is contraindi- 
cated in the presence of seizures, severe depression 
or coma, loss of normal gag reflex, hypoxia, species 
unable to vomit (e.g. rat) and known ingestion of 
corrosives or volatile petroleum products. Syrup of 
ipecacuanha and 3% hydrogen peroxide may be avail- 
able in the home and their administration can be con- 
sidered prior to transport to the hospital. Hydrogen 
peroxide can be administered relatively easily and if 
emesis does not occur within 10 minutes, the dose 
can be repeated once. Emesis is often more effec- 
tively induced when the stomach is full; feeding a small 
amount of food prior to induction can improve efficacy. 
Owners may have difficulty administering syrup of ipe- 
cacuanha to cats due to its objectionable taste. Other 
disadvantages of ipecacuanha include prolonged 
emesis, and the possibility of its adsorption by acti- 
vated charcoal (AC). Administration of AC may have 
to be delayed to allow the emetic action of syrup of 
ipecacuanha to occur. Apomorphine is the emetic of 
choice for dogs, but it is not recommended for cats. 
Xylazine has been used instead as an emetic for cats 
(also suitable for dogs). While apomorphine and 
xylazine induce emesis quickly, they may also cause 


Agent Indication | Dosage 


Dogs: 1-2 mi/kg orally 
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undesirable CNS depression. Fortunately, specific re- 
versal drugs are available for both apomorphine and 
xylazine to minimize undesirable side effects. 


Gastric lavage 

Gastric lavage can be employed when administration 
of an emetic is contraindicated. Patients should be 
anaesthetized and the airway should be protected with 
a cuffed endotracheal tube. Once the patient is anaes- 
thetized, the largest possible gastric tube, with termi- 
nal fenestrations, is introduced into the stomach. Tube 
placement is confirmed by aspiration of gastric con- 
tents or air insufflation with a stethoscope placed over 
the stomach. After gastric intubation, the mouth should 
be kept lower than the chest. Tepid tap water or nor- 
mal saline (5—10 ml/kg) is introduced into the stom- 
ach under minimal pressure and is withdrawn by 
aspiration or gravity flow. The procedure is repeated 
until several lavages are clear, often requiring numer- 
ous cycles. AC (with or without a cathartic) can be 
administered just before tube removal. The initial 
lavage sample should be retained for possible toxico- 
logical analysis. 


Activated charcoal and cathartics 

AC is the only adsorbent routinely used in compan- 
ion animal medicine, although others such as Full- 
er's earth may be indicated rarely for specific poisons 
(see paraquat). AC is an effective adsorbent for most 
poisons, with several notable exceptions, including 
alcohols, corrosives and metals, such as iron and 
lithium (Howland, 1994). It is available as a powder, 
an aqueous Slurry or combined with cathartics such 
as sorbitol. Repeated doses of AC are effective in 
interrupting enterohepatic recycling of several pois- 
ons, and continued presence of AC in the gastro- 
intestinal tract may create a sink for trapping 
poison passing from the circulation into the intes- 
tines (gut dialysis). Repeated administration of AC 
is usually safe. 


Cats: 3.3 ml/kg orally diluted 50:50 with water 


1-2 lig ray ei, peat one 


Dogs: 0.03 mg/kg i.v. or 0.04 mg/kg im. or s.c. Do not use in cats 


Activated charcoal (AC) All animals: 1-4 g/kg orally as an aqueous slurry (~1 g per 5 ml water); may be repeated at 


4-6 hour intervals 


Catharsis Dogs: 5-25 g mixed in AC slurry 
Cats: 2-5 g mixed in AC slurry 
Give only once 
Catharsis Often included in AC formulations. If not, give 3 ml/kg orally of 70% sorbitol. Give only once 


Not established for animals; however, young children are given 20-40 mi/kg per hour until 
clear rectal effluent noted 


Generally, 1-2 mEq/kg administered every 3-4 hours; goal is to achieve urine pH of 7 or 
above. For selected weak acids 


Cats: 0.44 mg/kg i.m. 


| 19.5 | Common gastrointestinal and systemic decontamination agents. 
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Both saline (sodium sulphate or magnesium sul- 
phate or citrate) and saccharide (sorbitol) cathartics 
are available (Figure 19.5). Cathartics hasten the elimi- 
nation of unabsorbed poison via the stools and are 
safe, particularly if used only once. Repeated admini- 
stration of magnesium-containing cathartics can lead 
to hypermagnesaemia manifested as hypotonia, al- 
tered mental status and respiratory failure, while re- 
peated administration of sorbitol can cause fluid 
pooling in the gastrointestinal tract, excessive fluid 
losses and severe dehydration. 


Recent innovations in human medicine 

Recently in human medicine there has been a move- 
ment away from combining gastric evacuation with 
an adsorbent, toward the administration of only the 
adsorbent, especially in mild to moderate intoxications 
(Perry and Shannon, 1996). Early administration of 
AC alone has been shown to be as efficacious as 
gastric evacuation followed by AC. The case for or 
against inclusion of a cathartic with AC is less clear- 
cut, but a single dose of a cathartic along with the 
initial dose of AC is currently recommended. AC for- 
mulations that include a cathartic should be adminis- 
tered once, followed by AC alone if repeated doses 
are indicated. Unless emesis can be immediately and 
safely induced, it may be better to administer AC as 
soon as possible after exposure to poisons amen- 
able to adsorption, rather than to waste valuable time 
attempting to evacuate the stomach. 

One newer approach to human GID is whole bowel 
irrigation (WBI), the oral administration of large volumes 
of an electrolyte-balanced solution until a clear rectal 
effluent is produced. A polyethylene glycol solution, 
routinely employed to cleanse the gastrointestinal tract 
for surgical or radiographic procedures, is used (Perry 
and Shannon, 1996). WBI may be efficacious when an 
ingested poison is poorly adsorbed to AC, or when 
sustained-release medications, small metal objects or 
lead-based paint have been ingested. WBI is well tol- 
erated by human paediatric patients, but its utility in 
veterinary medicine has not been determined. 


Enhancing elimination via the urinary tract 
Removal of absorbed poisons via urinary excretion 
may be indicated in several specific situations. For 
example, alkalinization of the urine to a pH above 7.0 
with sodium bicarbonate enhances the urinary elimi- 
nation of weak acids such as ethylene glycol, 
salicylates, phenobarbital and the herbicide 2,4-D. 
Administration of ammonium chloride to acidify the 
urine (pH 5.5-6.5) may enhance the elimination of 
weak bases such as amphetamines and strychnine. 
Urinary alkalinization or acidification requires close 
patient monitoring to avoid acid—base disturbances. 
In human medicine, urinary acidification is currently 
not recommended due to complications associated 
with metabolic and urinary acidosis. 


Extracorporeal methods of poison 
elimination 

Extracorporeal methods for removal of poisons are 
occasionally utilized in human medicine, and the in- 
creasing availability of such methods in veterinary 
medicine makes their use in poisoned small animal 
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patients more likely. The two most commonly used 
methods are haemodialysis and charcoal haemoper- 
fusion (Orlowski et al., 2001). Physical characteris- 
tics of poisons amenable to removal by haemodialysis 
include a short tissue distribution time, low endo- 
genous clearance (<4 ml/min/kg), small volume of dis- 
tribution (<1 l/kg), low protein binding, water solubility 
and low molecular weight (<500 daltons). Physical 
characteristics of poisons effectively removed by 
haemopertusion are similar, but additionally poisons 
that have high protein binding, are lipid soluble and 
are large (up to 40,000 daltons) can be eliminated. 
The use of haemoperfusion also requires that the 
poison can be effectively adsorbed to AC. 

General guidelines and indications for the use of 
extracorporeal methods include the following 
(Orlowski et al., 2001): 


* An expectation that clearance of the poison may 
be increased by 30% or more 

* Severe or potentially lethal exposure 

* Impairment of natural removal mechanism(s) 

* Deteriorating clinical condition in spite of 
supportive care 

* Clinical signs consistent with severe poisoning 
(i.e. hypotension, coma, metabolic acidosis, 
respiratory depression, dysrhythmias or cardiac 
decompensation) 

* Known ingestion of a poison with serious 
delayed effects. 


Intoxications routinely treated by extracorporeal 
methods in human medicine include those caused by 
lithium, ethylene glycol, methanol, salicylates, barbitu- 
rates and theophylline. 


Supportive care and monitoring 

Fortunately, many intoxicated patients will recover if 
attention is paid to appropriate symptomatic and sup- 
portive care. For example, even if GID is not possible 
following the ingestion of strychnine, effective control 
of muscle rigidity with pentobarbital may result in com- 
plete recovery from intoxication. Other sections of this 
manual should be consulted for appropriate sympto- 
matic care protocols. 


Use of a toxicology laboratory 


Effective use of a toxicology laboratory requires sub- 
mission of appropriate antemortem and postmortem 
samples for analysis. Appropriate samples vary de- 
pending on the poison. For example, whole blood is 
required for diagnosis of lead intoxication, whereas 
plasma, serum or urine is required for diagnosis of 
chocolate intoxication. Often, several samples are 
necessary to detect a poison; urine may contain de- 
tectable concentrations whereas plasma or serum may 
not. Figure 19.2 lists samples commonly used for toxi- 
cological diagnoses. Most samples can be kept fro- 
zen for extended periods of time without interfering 
with the analysis. Thus, postmortem histopathologi- 
cal examination of tissues can be performed first, 
perhaps suggesting an alternative diagnosis or iden- 
tifying a need for specific toxicological analyses. 


It is a common misconception that the clinician 
needs to have some idea which poisons to look for 
before toxicological testing will be useful. In fact, many 
toxicology laboratories offer relatively inexpensive or- 
ganic and inorganic screens that may detect an other- 
wise unanticipated poison. Despite the availability of 
screens, it remains necessary to develop appropriate 
differential lists based on historical or clinical findings. 

In most cases, toxicological testing does not change 
initial clinical management, due to delays in obtaining 
laboratory results and the fact that relatively few poi- 
sons have specific antidotes. However, detection of a 
specific poison may confirm a tentative diagnosis, have 
prognostic value and identify human health hazards. 
In addition, toxicological testing may produce negative 
results, which may allay client fears of environmental 
contamination or malicious poisoning. 


Specific poisons 


Anticoagulant rodenticides 

The anticoagulant rodenticides are among the most 
common poisons of small animals, particularly dogs. 
Anticoagulant rodenticides derived from coumarin in- 
clude warfarin, brodifacoum, bromodiolone and 
difenacoum. Indandione derivatives include pindone, 
chlorophacinone and diphacinone. New compounds, 
such as difethialone, are routinely added to those al- 
ready in commercial use. Most modern ‘second- 
generation’ anticoagulants are potent, single-feeding 
rodenticides; these have largely replaced older ‘first- 
generation’ rodenticides such as warfarin, pindone, 
chlorophacinone, dicoumarol and valone. 

Anticoagulant rodenticides competitively inhibit vita- 
min K epoxide reductase, which converts vitamin K 
epoxide to its active reduced form. Final activation of 
clotting factors II, VII, IX and X depends on the avail- 
ability of reduced vitamin K epoxide. Coagulopathies 
ensue once the supply of active clotting factors is con- 
sumed, generally 1-3 days following ingestion of a toxic 
dose. Second-generation anticoagulants such as 
brodifacoum are more effective at inhibiting vitamin K 
epoxide reductase and have longer half-lives than first- 
generation anticoagulants. The indandione derivatives 
are considered to be long-acting. 

Clinical signs are due to a coagulopathy. Haemor- 
rhage can be acute and massive or slow and sustained. 
The most common site of haemorrhage is within the 
respiratory tract with development of haemothorax, 
parenchymal haemorrhage or submucosal tracheal 
bleeding. Subcutaneous haematomas, epistaxis, 
melaena and haematemesis may also be apparent. 
Presenting signs depend on the location of haemor- 
rhage and may not include external signs of bleeding. 
For example, haemorrhage into the CNS may cause 
ataxia, convulsions or sudden death, whereas pulmo- 
nary haemorrhage may cause respiratory distress. 

Diagnosis relies on demonstrating prolonged co- 
agulation and detection of a specific anticoagulant. 
Tests of coagulation such as prothrombin time (PT), 
partial thromboplastin time (PTT) and activated co- 
agulation time (ACT) are affected at different times 
following ingestion, due to differences in the half-lives 
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of the affected clotting factors. Since factor VII has 
the shortest half-life, the extrinsic coagulation path- 
way is affected first and PT is prolonged before and 
more severely than the PTT. PT should be used to 
monitor coagulation times in asymptomatic animals 
after exposure to an unknown amount of anticoagu- 
lant, when vitamin K1 is not given prophylactically, or 
following cessation of vitamin K1 therapy. All coagu- 
lation tests are likely to be prolonged in animals 
presenting with clinical signs. 

Many veterinary diagnostic laboratories offer anti- 
coagulant screens of whole blood or serum antemor- 
tem, or liver postmortem. Generally, the most 
commonly used anticoagulants are included in the 
screen, but some less commonly used compounds 
may not be included. Analysis of stomach contents is 
inappropriate since exposure of a symptomatic ani- 
mal was 1-3 days prior to presentation. 

Vitamin K1 is used as an antidote and the dose 
and duration of therapy depends on the specific com- 
pound ingested; the longer the half-life of the anti- 
coagulant, the longer the duration of vitamin K1 
therapy. Arecommended dose for treatment of warfa- 
rin intoxication is 1 mg/kg for 4—6 days. For other anti- 
coagulants, doses of 2.5-5.0 mg/kg for a minimum of 
2-6 weeks are suggested. When the specific com- 
pound is unknown, it should be assumed that expo- 
sure was to one of the more potent compounds. The 
oral bioavailability of vitamin K1 is greatly improved if 
it is fed with a small fatty meal such as canned dog 
food. PT should be checked 1, 3 and 5 days after 
cessation of therapy to detect recurrence of a coagulo- 
pathy. During emergency management, vitamin K1 can 
be given subcutaneously at several sites with a small- 
gauge needle. Intramuscular administration should be 
avoided due to the possibility of haemorrhage at the 
injection site, and intravenous administration is not 
advisable because of the possibility of an anaphylactic 
reaction. A delay of 6-12 hours occurs before synthe- 
sis of sufficient new clotting factors. More rapid resolu- 
tion requires preformed clotting factors in blood 
products. In severely symptomatic animals, plasma or 
blood transfusions may be necessary. 

If pregnant or lactating animals are exposed to 
anticoagulant rodenticides, haemorrhage may occur 
during delivery and the toxins can be eliminated in milk. 
Nursing puppies or kittens should be removed from the 
exposed dam and supplemented with vitamin K1 orally 
for 2-3 weeks. Alternatively, nursing animals can be 
placed on vitamin K1 while the coagulation status of 
the dam is monitored. If the dam remains normal, vita- 
min K1 can then be discontinued. Anticoagulant- 
exposed pregnant animals should be maintained on 
vitamin K1 until birth, and newborns should be main- 
tained on vitamin K1 for at least 1 additional week or 
until their coagulation status can be monitored. 


Cholecalciferol (vitamin D3) 

Cholecalciferol is a newer rodenticide, which kills 
rodents within 1-3 days of ingestion. After absorp- 
tion, it is metabolized to 25-monohydroxyvitamin D in 
the liver, then metabolized to the active 1,25- 
dihydroxyvitamin D by the kidney. Active vitamin D 
increases calcium absorption from the intestine, 
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osteoclastic resorption of bone and calcium reabsorp- 
tion from the renal distal tubules. Toxic doses result 
in hypercalcaemia, which causes cardiac conduction 
disturbances and metastatic tissue mineralization. 
Clinical signs develop 12-36 hours after ingestion of 
a toxic dose and include depression, anorexia, em- 
esis, polydipsia and polyuria. Azotaemia and renal 
failure may develop. 

A presumptive diagnosis relies on detecting high 
serum calcium concentrations. Cholecalciferol toxico- 
sis must then be differentiated from hypercalcaemia 
of malignancy, primary hyperparathyroidism and pri- 
mary renal failure. Measurement of parathyroid hor- 
mone (PTH), PTHrP, 25-monohydroxyvitamin D and 
total and ionized calcium can be used to differentiate 
the causes of hypercalcaemia. With cholecalciferol 
toxicity, hyperphosphataemia is a consistent finding 
that may precede hypercalcaemia. 

Case management is challenging, with several 
approaches to lowering serum calcium available. Nor- 
mal saline, with furosemide at 1—2 mg/kg i.v. followed 
by 1 mg/kg i.v. q8h, should be given to promote 
calciuresis. Furosemide should not be administered 
if the animal is dehydrated. Prednisolone (2 mg/kg 
orally q8—12h) inhibits the release of osteoclast- 
activating factors, reduces intestinal calcium absorp- 
tion and promotes calciuresis. Salmon calcitonin has 
been used when hypercalcaemia is severe or refrac- 
tory, but is ineffective when used alone. Pamidronate 
disodium, a bisphosphonate drug used to treat hyper- 
calcaemia of malignancy in humans, shows promise 
for reversing cholecalciferol-induced hypercalcaemia 
in dogs at 1.3 mg/kg i.v. in 150 mi normal saline, 1 
and 8 days after cholecalciferol ingestion (Rumbeiha 
et al., 1997). 


Cholinesterase-inhibiting insecticides: 
organophosphorus and carbamates 

While the use of organophosphorus (OP) and car- 
bamate insecticides for flea and tick control has de- 
clined in recent years, environmental exposure remains 
common. OPs and carbamates inhibit cholinesterase 
enzymes, particularly acetylcholinesterase, which 
breaks down acetylcholine. Acetylcholine propagates 
nervous impulses at a number of sites within the cen- 
tral and peripheral nervous systems. Overstimulation 
of muscarinic and nicotinic receptors causes most of 
the clinical manifestations of intoxication. 

Clinical signs related to overstimulation of para- 
sympathetic muscarinic receptors include diarrhoea, 
increased urination, miosis, bradycardia, bronchos- 
pasm and dyspnoea, emesis, excessive lacrimation 
and salivation. Excessive stimulation of nicotinic 
receptors initially results in muscle stimulation, fol- 
lowed by a depolarizing blockade. Death usually re- 
sults from respiratory failure. 

Diagnosis depends on a history of exposure, de- 
tection of a specific chemical in gastric contents and 
demonstration of low cholinesterase enzyme activ- 
ity in whole blood antemortem or in the brain post- 
mortem. Enzyme activities below 50% of normal 
indicate exposure to a cholinesterase-inhibiting in- 
secticide. Often, enzyme activity is depressed by 
more than 80%. 
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In the period following exposure before clinical 
signs occur, the management priority is decontami- 
nation. If the animal is symptomatic, atropine should 
be given before decontamination. Atropine specifically 
blocks muscarinic receptors and at high doses it can 
provide immediate but short-lived relief. It must be re- 
administered when signs begin to recur. Atropine is 
administered to effect and precise dosages may vary. 
Once signs of muscarinic overstimulation are control- 
led, decontamination can begin. 

Pralidoxime hydrochloride (2-PAM) reverses en- 
zyme inhibition and prevents ‘ageing’ (i.e. the irrevers- 
ible binding of cholinesterase) following OP exposure 
(20 mg/kg q8—12h i.m. or slowly i.v.). Once ‘ageing’ 
has occurred, 2-PAM is ineffective; therefore, the effi- 
cacy of 2-PAM is greatest soon after intoxication. 
Nevertheless, if treatment is delayed, 2-PAM therapy 
may still be helpful and it is continued until the patient 
is asymptomatic or shows no improvement of nicotinic 
signs after 24—36 hours of therapy. Pralidoxime is not 
effective for treating carbamate intoxication, since the 
mechanism of enzyme inhibition is slightly different and 
ageing does not occur. When it is uncertain whether 
intoxication is due to OP or a carbamate, 2-PAM should 
be administered. Diphenhydramine (1—4 mg/kg orally 
q6-8h) has been suggested to reverse signs due to 
nicotinic receptor stimulation, but its clinical efficacy has 
not been established. 


Pyrethrins and pyrethroids 

OP and carbamate insecticides for use on animals 
and in their environment have largely been replaced 
by other insecticides, especially the pyrethrins and 
pyrethroids (PP). Pyrethrins are naturally occurring 
chemicals from Chrysanthemum cinerariaefolium. 
Pyrethroids are synthetic derivatives of pyrethrins that 
exhibit enhanced potency and stability. Most PPs, when 
used as directed, are safe and present little poisoning 
risk to animals. However, cats are more sensitive to 
PPs than are other species, probably due to differences 
in their metabolism. The most common poisoning 
scenario is the misuse on cats of concentrated PP 
canine formulations (primarily products containing 
the pyrethroid, permethrin). Reports of intoxication of 
cats by permethrin have occurred following the dermal 
application of concentrated products on dogs followed 
by cat contact with treated areas. Products intended 
for use on cats containing the pyrethroid phenothrin 
were recently withdrawn from the market in the US due 
to numerous reports of intoxication. 

The insecticidal and toxic properties of PP insecti- 
cides are due to their ability to alter the activity of neu- 
ronal sodium ion channels. PPs prolong the period of 
sodium conductance, which increases the duration of 
depolarization and causes repetitive nerve firing 
(Hansen, 2006). Clinical signs associated with intoxi- 
cation include emesis, diarrhoea, depression, ataxia, 
hyperaesthesia, muscle tremors, seizures, hyperther- 
mia and death. Signs can develop within hours of ex- 
posure or be delayed for up to 72 hours (Richardson, 
2000). Topical allergic reactions have also been 
reported and can be manifested as generalized 
dermal urticaria, hyperaemia, pruritis and alopecia 
(Hansen, 2006). 


GID is generally not warranted when PPs have 
been applied dermally. In rarer intoxications following 
oral exposure, standard GID procedures should be 
considered. Bathing of dermally-exposed animals 
using a mild dishwashing detergent is recommended. 
In mild cases of intoxication, diazepam alone may 
control muscle tremors. However, if animals are ex- 
periencing seizures, seizure control can be difficult. A 
combination of diazepam and methocarbamol may be 
the most efficacious intervention. Methocarbamol is 
administered intravenously at 50—150 mg/kg with one 
third to half the dose given as a slow bolus and the 
remaining dose given as needed to control tremors. A 
maximum dose of 330 mg/kg/day should not be ex- 
ceeded (Hansen, 2006). If diazepam is not effective 
for seizure control, other options include barbiturates, 
propofol and isoflurane. Control of muscle tremors and 
seizures will often result in relatively rapid resolution 
of hyperthermia. Intravenous crystalloids should be 
given to minimize renal damage secondary to 
rhabdomyolysis. The response to therapy and there- 
fore the prognosis is worse for animals presenting with 
seizures. Allergic reactions generally resolve follow- 
ing bathing; diphenhydramine may also be useful. 


Paraquat 

In general, herbicides are not a significant hazard to 
pets. Serious intoxications of dogs most commonly 
involve exposure to paraquat and the related herbi- 
cide diquat. Reported LD, values for dogs are 25-50 
mg/kg. Both the herbicidal action and the toxicity are 
believed to be due to production of free radicals re- 
sulting in lipid membrane damage. Paraquat is con- 
centrated in alveolar cells where it causes oxidant 
damage. Initial clinical signs following ingestion include 
mucosal irritation, emesis, hyperexcitability and ataxia. 
In dogs, proximal tubular necrosis and renal failure 
often occur. The hallmark of paraquat intoxication is 
pulmonary oedema and congestion, occurring sev- 
eral days after exposure and resulting in dyspnoea. 
Necrosis of alveolar cells occurs, resulting in scarring 
and fibrosis, and death due to respiratory failure. 
Diquat does not cause lung damage. 

Management includes decontamination with ben- 
tonite or Fuller's earth, which are clays that bind 
paraquat and diquat. However, if clays are not imme- 
diately available, AC should be given. Supportive and 
symptomatic care are important. Superoxide 
dismutase and N-acetylcysteine have been recom- 
mended and both have theoretical benefits, but their 
clinical efficacy for preventing oxidant damage due to 
paraquat has not been proven. Prognosis is grave if 
damage to the pulmonary parenchyma is severe. 


Metaldehyde 

Metaldehyde is the active ingredient in many slug and 
snail baits (at 3.5-4.0%). Reported lethal doses are 
100-1000 mg/kg for dogs and approximately 200 
mg/kg for cats. Metaldehyde decreases brain concen- 
trations of y-aminobutyric acid (GABA), resulting in loss 
of its CNS inhibitory action. Early clinical signs include 
anxiety and restlessness followed by salivation, 
mydriasis, tremors and ataxia. Advanced signs include 
tachypnoea, tachycardia, muscle tremors, opisthotonos, 
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continuous seizures, cyanosis and hyperthermia. The 
diagnosis can be confirmed by detection of metalde- 
hyde in gastric contents. Treatment involves GID if in- 
gestion was recent, and control of seizures with 
diazepam or barbiturates. Methocarbamol may be use- 
ful for controlling muscle tremors. 

Particular care should be taken to monitor and 
maintain appropriate acid—base status. Prognosis is 
good if aggressive seizure management is instituted 
at an early stage but poor if seizures are uncontrolled. 


Non-steroidal anti-inflammatory drugs 
Non-steroidal anti-inflammatory drugs (NSAIDs) are a 
large group of drugs that share pharmacological ac- 
tions and side effects. They are classified chemically 
as carboxylic acids and enolic acids. Carboxylic acids 
are further divided into: salicylic acid derivatives, in- 
cluding aspirin and diflusinal; acetic acid derivatives, 
including diclofenac, indomethacin, tolmetin and 
sulindac; proprionic acid derivatives, such as carprofen, 
fenoprofen, flurbiprofen, ibuprofen, ketoprofen and 
naproxen; and fenamic acids, including meclofenamic 
acid, meclofenamate sodium, flunixin meglumide and 
mefenamic acid. The enolic group is divided into: 
pyrazolone derivatives, which include phenylbutazone, 
dipyrone and apazone; and oxicam derivatives, such 
as piroxicam. 

NSAIDs act by inhibiting prostaglandin synthesis, 
which reduces inflammatory mediators such as 
prostaglandins E, and F,., and endoperoxides, and 
also causes the adverse effects noted following their 
ingestion. The toxicity of NSAIDs varies considerably 
and cats tend to be more sensitive than dogs. The 
most common adverse effects of NSAIDs are mild 
epigastric pain, erosive gastritis, peptic ulcers and 
haemorrhage. Anaemia and hypoproteinaemia may 
occur secondary to gastric and intestinal ulceration. 
Nephrotoxicity is manifested as acute interstitial neph- 
ritis, acute papillary necrosis, nephrotic syndrome and 
acute and chronic renal failure. 

Single ingestions of ibuprofen of 300 mg/kg can 
cause acute renal failure, while repeated dosages 
of 8 mg/kg/day can produce gastrointestinal irrita- 
tion and haemorrhage. Doses of 15 mg/kg naproxen 
are considered toxic to dogs and repeated dosages 
of 5 mg/kg cause significant gastrointestinal dam- 
age. Aspirin doses of 50 mg/kg q12h cause emesis 
in dogs and higher dosages cause depression and 
metabolic acidosis. 

Diagnosis of NSAID intoxication relies on the his- 
tory, detection of a specific NSAID in gastric contents, 
plasma or urine and compatible clinical signs. 
Management of acute ingestion involves GID and 
supportive care. Repeated doses of AC should be 
administered every 4—6 hours for NSAIDs with long 
half-lives and significant enterohepatic recirculation 
(carprofen, indomethacin, piroxicam, sulindac, 
meclofenamic acid, meclofenamate and diclofenac). 
Gastrointestinal ulcers can be treated with cimetidine 
or ranitidine, omeprazole and sucralfate. Acute renal 
failure may be reversible but severe papillary necro- 
sis is most likely to be irreversible. Fluid therapy is 
the most important component in treating acute renal 
failure. If oliguria persists after fluid therapy, medical 
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therapy (furosemide, mannitol) should be initiated 
with the aim of inducing diuresis (see Chapter 8). 
Hyperkalaemia and acid—base disturbances should 
be corrected. 


Paracetamol (acetaminophen) 

Paracetamol (acetaminophen) is a non-opiate deriva- 
tive of p-aminophenol, which produces analgesia and 
antipyresis by a mechanism similar to that of 
salicylates. Paracetamol is detoxified by the liver via 
conjugation with glucuronide, sulphate or glutathione. 
Cats lack the glucuronide conjugation pathway and 
are quite sensitive to paracetamol toxicity. If the con- 
jugating ability of the liver is surpassed, N-acetyl-p- 
benzoquinone (NAPQI), a toxic metabolite, causes 
severe oxidative stress to hepatocytes and red blood 
cells. Oxidative damage to erythrocytes causes oxi- 
dation of haemoglobin to methaemoglobin and the 
formation of Heinz bodies with subsequent anaemia. 
Cats may also experience swelling of the face and 
paws. Potentially toxic doses of paracetamol for cats 
are 50—100 mg/kg, while a reported toxic dose for dogs 
is 600 mg/kg. 

Clinical signs of intoxication include depression, 
weakness, anorexia, emesis, tachypnoea, tachycar- 
dia, hypersalivation and facial oedema in cats. Met- 
haemoglobinaemia imparts a muddy colour to the 
mucous membranes and there may be haematuria 
and haemoglobinaemia. Acute hepatic necrosis is the 
most important toxic effect in dogs. 

Routine decontamination should be attempted 
early after a known or suspected ingestion. 
N-Acetylcysteine (NAC) is a specific antidote that pro- 
vides one of the limiting precursors (cysteine) for glu- 
tathione synthesis. A loading dose of 140-280 mg/kg 
orally or 140 mg/kg i.v. in 5% dextrose/water is fol- 
lowed by a maintenance dosage of 70 mg/kg orally 
q6h for 2-3 days. Although AC binds orally adminis- 
tered NAC, both should be administered as soon as 
possible after ingestion, as the recommended oral 
dosage of NAC provides sufficient cysteine despite 
reduced systemic absorption (Howland et al., 1994). 
Ascorbic acid can be administered (30 mg/kg orally 
or s.c. q6h) to help reduce methaemoglobin to hae- 
moglobin. Oxygen support may be necessary. 


Chemotherapeutic emergencies 
Antineoplastic drugs, including cyclophosphamide, 
methotrexate, 5-fluorouracil and cisplatin, may occa- 
sionally cause serious adverse effects. Antineoplas- 
tic drugs kill the actively dividing cells in malignant 
tumours. Unfortunately, cells such as intestinal epi- 
thelial cells, bone marrow cells, hair follicles, lymphoid 
cells and gonadal cells also undergo rapid division 
and are susceptible to their effects. Most serious 
intoxications are related to haematological and gas- 
trointestinal effects. 

Leucocyte, platelet and red blood cell precursors 
can be damaged by antineoplastic drugs, with result- 
ing effects on peripheral blood counts depending on 
the circulating half-life of each cell type. Since the half- 
life of circulating neutrophils is the shortest (4-8 
hours), neutropenia occurs first, followed by throm- 
bocytopenia (platelet circulating half-life of 5-7 days). 
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The most serious potential consequence is sepsis, 
which positively correlates with the severity and du- 
ration of neutropenia. Broad-spectrum, bactericidal 
antibiotics and appropriate fluid therapy should be 
instituted. Thrombocytopenia can result in petechiae, 
ecchymoses and mucosal haemorrhage. If needed, 
platelet replacement therapy consists of either whole 
blood or platelet-rich plasma. 

Gastrointestinal toxicity is manifested by nausea, 
emesis and gastroenterocolitis. Anti-emetics, such 
as metoclopramide, ondansetron or butorphanol, 
may reduce the incidence of emesis, but animals with 
persistent emesis may require hospitalization for fluid 
therapy. Gastroenterocolitis is treated symptomatic- 
ally with demulcents, and fluid and electrolyte 
therapy. Broad-spectrum antibiotics may be required 
in severe cases to reduce the risk of sepsis second- 
ary to bacterial translocation across the damaged 
gastrointestinal mucosa. 


Herbal remedies 

A complete discussion of intoxication risks from herbal 
remedies is available elsewhere (Tyler, 1993; Lewin et 
al., 1994; Poppenga, 2006). Since there are many herbs 
with a wide range of biologically active constituents, it 
is important to ask about their use when presented with 
an ill animal. Haematological, gastrointestinal, cardiac, 
neurological, hepatic and renal signs may occur. The 
source of the herbal remedy is important, as many 
imported Chinese patent medicines are adulterated with 
metals, pesticides and drugs such as NSAIDs and 
sedatives. Chinese patent medicine formulations 
may also contain cinnabar (mercuric sulphide), real- 
gar (arsenic sulphide) or litharge (lead oxide). The risk 
of intoxication depends on the dose administered, the 
duration of use and the presence of pre-existing dis- 
eases. The potential for adverse drug reactions in- 
creases when herbal medicines are given concurrently 
with traditional pharmaceuticals. 

A human poison control centre may be consulted 
regarding the active constituents of herbal remedies, 
particularly if the label is incomplete or in a foreign 
language. Toxicological testing of fluid or tissue sam- 
ples may identify some active ingredients, although 
many potentially toxic constituents are not detected 
by routine screens. Testing for contaminants such as 
metals and drugs may be indicated when an imported 
patent remedy has been used. In general, acute in- 
gestion of potentially toxic herbal products should be 
managed by following standard decontamination 
protocols and symptomatic treatment. Decontamina- 
tion may not be helpful when a herbal remedy has 
been given chronically. 


Ethylene glycol 

Ingestion of ethylene glycol (EG) remains one of the 
most common toxicoses of dogs and cats. It is readily 
consumed by animals and the incidence of toxicoses 
is highest in late autumn and early spring when anti- 
freeze use increases. EG has been replaced in some 
formulations by relatively non-toxic propylene glycol. 
EG itself is not particularly lethal, but its metabolites 
cause serious toxicity. One metabolite, glycolic acid, 
causes severe metabolic acidosis within several hours 


of ingestion. In addition, another metabolite, oxalic 
acid, combines with calcium to form calcium oxalate 
crystals in blood vessels and renal tubules. Renal tu- 
bular damage with subsequent renal failure occurs 
1-3 days after ingestion. 

EG toxicosis can be divided into three clinical 
phases. Phase 1 occurs 1—4 hours after ingestion, 
and is manifested by ataxia, tachycardia, tachypnoea, 
diuresis, polydipsia and dehydration. Phase 2 occurs 
4-6 hours after ingestion and coincides with the on- 
set of metabolic acidosis due to EG metabolites. Clini- 
cal signs include anorexia, depression, emesis, miosis 
and hypothermia. Following large ingestions, severe 
depression, tachypnoea, coma and death ensue un- 
less treatment is initiated. With smaller doses these 
clinical signs may resolve only to be followed by 
phase 3, characterized by oliguric renal failure 2-7 
days after ingestion. 

Diagnosis of EG toxicosis can be difficult. Increased 
serum osmolality, metabolic acidosis and an anion gap 
greater than 40-50 mmol/l are often observed, but iso- 
propanol, salicylates, methanol, paraldehyde, toluene, 
formaldehyde and ibuprofen toxicoses can cause simi- 
lar changes. Birefringent rosette-shaped calcium 
oxalate crystals may be seen in urine sediment, par- 
ticularly under polarized light. Laboratory detection of 
EG or glycolic acid in serum or urine confirms expo- 
sure. Colorimetric kits allow detection of EG in serum 
within 24 hours of exposure, when serum EG concen- 
trations are high. Unfortunately, animals may recover 
from phases 1 and 2, only to be presented in renal 
failure, which is associated with a guarded prognosis. 

Management depends on the time of presentation 
following ingestion. Unless an animal is presented 
immediately following ingestion, GID is not useful, 
since EG is rapidly absorbed from the gastrointes- 
tinal tract. Specific antidotes include ethanol and 
fomepizole, which prevent metabolism of EG to toxic 
metabolites by inhibiting alcohol dehydrogenase. In 
dogs, a 20% ethanol solution is given at 5.5 ml/kg by 


Fuels (cooking 
fuels, lighter fluid) 


~75% ethylene glycol and isopropyl alcohol 


Mainly nitrogen (e.g. potassium nitrate, urea), 
phosphorous, potassium; may contain small 
amounts of metals or pesticides 


Petroleum hydrocarbons, kerosene, or 
methanol 
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slow intravenous infusion every 4 hours for five treat- 
ments, then every 6 hours for four additional sessions. 
In cats the recommended dose is 5.0 ml/kg i.v. every 
6 hours for five treatments then every 8 hours for four 
treatments. The dose should be titrated to maintain 
severe depression for up to 72 hours during which 
time the patient will require intensive supportive care. 
In dogs, fomepizole is administered by slow intra- 
venous infusion of 15 mg/kg as a 5% solution, then 
10 mg/kg every 12 hours for four doses followed by 5 
mg/kg every 12 hours until plasma EG concentrations 
fall below 3222 umol/l. If EG concentrations cannot 
be monitored, the 5 mg/kg dose should be continued 
for at least 24 hours. Fomepizole has fewer side ef- 
fects than ethanol and is the antidote of choice for 
dogs. Early work in EG-exposed cats did not show 
efficacy using doses of fomepizole that were effective 
in dogs. However, more recent work has shown 
fomepizole to be effective in cats if given at 125 
mg/kg i.v. at 1, 2 and 3 hours after EG ingestion fol- 
lowed by 31.25 mg/kg i.v. at 12, 24 and 36 hours 
post-ingestion (Thrall et a/., 2006). Mild CNS depres- 
sion was the only adverse effect associated with high- 
dose fomepizole administration. Since metabolism of 
EG occurs quickly, the antidotes need to be given as 
soon as possible after ingestion. Supportive care 
should be provided; correction of metabolic acidosis 
and maintenance of urine flow are critical to success- 
ful case management. For patients with acute oliguric 
renal failure an antidote is unlikely to be helpful and 
prognosis is poor. 


Household agents 

There are hundreds of chemicals in the household to 
which animals may be exposed and some of these 
are listed in Figure 19.6. Many household products 
are, however, generally considered to be non-toxic 
(Figure 19.7). The majority of toxic exposures are 
managed using standard GID protocols and support- 
ive treatment. 


Disorientation, ataxia, weakness, depression, 
irritation of mucous membranes and eyes 


Gastrointestinal irritation, emesis, diarrhoea, 
methaemoglobinaemia 


Depression, coma, seizures, emesis 


Direct irritation, depression 


Glues Carriers include aliphatic hydrocarbon 
solvents (e.g. petroleum solvents, acetone, 
toluol, toluene, methyl acetate, naphtha) 

Paint and varnish 


removers chloride, 


Benzene, acetone, toluene, methylene 
methanol 


Direct irritation of mucous membranes and 
gastrointestinal tract, muscle twitching, tetany, 
seizures, depression, paralysis, renal failure 


Toxicity of common household products. Toxicity is based on a scale of 1-6, where 1 is relatively harmless 
(probable oral lethal dose of >15 g/kg) and 6 is extremely toxic (probable oral lethal dose <1 mg/kg). 
Reproduced from Osweiler (1996) with permission of the publisher. (continues) 
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Erythema, exfoliation, ulceration, general irritation 
of the gastrointestinal tract, emesis, anorexia, 
diarrhoea, direct irritation of footpads, mouth, or 
pharynx from contaminated water 


Irritation of the skin and eyes, emesis, CNS signs, 
hypotension, coma, pulmonary failure 


Coke dust, sawdust, heavy metal salts (e.g. 
copper, rubidium and caesium compounds, 
lead, arsenic, selenium, tellurium, barium, 
molybdenum, antimony, zinc), chloride, 
borate and phosphate 


Severe gastroenteritis, emesis, diarrhoea, followed 
by depression, shock and renal failure 


Fireworks 4 Oxidizing agents (e.g. potassium nitrate, Emesis, severe abdominal pain, bloody faeces, 
chiorates), heavy metal salts (e.g. mercury, shallow breathing, 
strontium, bariu and death from respiratory or cardiac failure; other 
signs relate to specific effects of toxic heavy metals 
Fluxes 3-4 Irritation of the mouth, gastrointestinal tract or skin; 
nausea, emesis, diarrhoea, ataxia, delirium and 
excitement progressing to stupor or coma 
Matches 2 Methaemoglobinaemia with cyanosis and 
haemolysis 
Photographic 4-5 p-Methy! aminophenol sulphite causes 
developer ; effects may 


potassium methaemoglobinaemia 
Bleach ~5% sodium hypochlorite Acid solutions combined with hypochlorite 

bleaches can cause release of chlorine gas and 
hypochlorous acid, presenting an acute inhalation 
hazard characterized by pain and inflammation of 
the mouth, pharynx, oesophagus and stomach; 
oral ingestion results in irritation with oedema of 
the pharynx, glottis, larynx and lungs 


Drain cleaners Sodium hydroxide, sodium hypochlorite Necrosis and ulceration of the oral mucosa and, 


Pine oil Pine oils (terpenes), phenols, synthetic Gastritis, emesis, diarrhoea are followed by 

disinfectants phenol derivatives (e.g. o-pheny! phenol) depression, unconsciousness, or mild seizures 
followed by depression and renal failure 

Shoe polish Large amounts could produce 

Deodorant/ Gingival necrosis and i 

antiperspirants sometimes accompanied by ataxia 


aluminium chloride); less commonly used amounts of active ingredient are ingested 
agents include titanium dioxide, oxyquinoline 


sulphate and zirconium salts 


| 19.6 | (continued) Toxicity of common household products. Toxicity is based on a scale of 1-6, where 1 is relatively 
harmless (probable oral lethal dose of >15 g/kg) and 6 is extremely toxic (probable oral lethal dose 
<1 mg/kg). Reproduced from Osweiler (1996) with permission of the publisher. (continues) > 
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Play dough Recipes vary in amounts of each ingredient 
(homemade) BEE A atin but consist of flour, sodium chloride and water 


abnormality 
Gorilla glue yas aap i Physical obstruction of the gastrointestinal tract 


(continued) Toxicity of common household products. Toxicity is based on a scale of 1-6, where 1 is relatively 
harmless (probable oral lethal dose of >15 g/kg) and 6 is extremely toxic (probable oral lethal dose 
<1 mg/kg). Reproduced from Osweiler (1996) with permission of the publisher. 


Abrasives Clay lodophil disinfectant 
Adhesives Clotrimazole crean Lactaid Shaving creams and lotions 
Air fresheners Colognes (low alcohol) Lanolin Silica gel 
Aluminium foil Corticosteroids Latex paints - 
Antacids Cosmetics Laxatives Soaps and soap products 
Antibiotics Crayons marked AC, CP Lip balm Spackle 
Ashes (from non-treated wood/ Lipstick Starch 
) Deodorizers Lubricants Stick-em glue traps 

cosmetics Elmer's glue Magic markers Styrofoam 
Baby wipes (without alcohol) Erasers Mascara Sunscreen products 
Ballpoint pen inks Eye make-up Mineral oil Sweetening agents* 
Bath oil beads Fabric softeners Modelling clay Tallow 
Bath oils Felt tip pens Newspaper Thermometers (mercury) 
Birth control Fish bowl additives Oral Titanium oxide 
Bleach with <5% sodium Glow stick/jewellery Pencil (graphite lead and colouring) Toothpaste (without fluoride) 

Petroleum jelly Vitamins (without iron) 
Body conditioners Grease, motor oil Wallboard 
Bubble bath soaps Plant foods and fertilizers 
Calamine lotion Hair products (dyes, sprays, Plaster Washing powder (except those for 
Candles (beeswax or paraffin wax) Play-Doh 
lotions/creams Polaroid picture coating fluid Watercolours 
3% Hydrogen peroxide Porous tip marking pens Wax 

Charcoal and charcoal briquettes Incense Putty White glue/paste 
Chewing gum Indelible markers Rouge Zirconium oxide 
Cigarette ash Ink (blue and black) Rubber cement 


19.7 Household items generally considered to be non-toxic to children. * The artificial sweetener xylitol is toxic to 
p dogs, causing hypoglycaemia and occasionally hepatic failure. 
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Petroleum-based products 

With the exception of petroleum distillates serving 
as vehicles for more toxic chemicals, ingestion of 
petroleum-based products is not considered to be life 
threatening. Aspiration pneumonia is the most seri- 
ous sequel of ingestion of volatile petroleum products 
such as paraffin (kerosene), naphtha or petroleum dis- 
tillates. Aspiration risks increase with spontaneous or 
induced emesis and GID should be avoided. When 
co-ingestion of another toxic chemical has occurred, 
GID should be considered. 

Thoracic radiographs should be considered for all 
patients who have ingested petroleum-based prod- 
ucts. Those who remain asymptomatic with normal 
thoracic radiographs 4 or more hours after ingestion 
can be discharged after a 1-day observation period, 
with no further treatment. However, patients with radio- 
graphic and/or clinical evidence of pneumonitis require 
close monitoring, symptomatic oxygen supplementa- 
tion and serial arterial blood gas determinations. Indi- 
cations for antibiotic therapy include documented 
bacterial pneumonia, or worsening of radiographic 
infiltrates, leucocytosis and fever after the first 40 
hours. There appears to be no benefit from the ad- 
ministration of corticosteroids. 


Illicit drugs 
While the documented incidence is unknown, the 
widespread availability of drugs such as cocaine, nar- 
cotics and amphetamines makes exposure of pets 
likely. Drug sniffer dogs may be at particular risk. Most 
illicit drugs are rapidly absorbed and target the CNS. 
Therefore, illicit drug exposure should be considered 
in any animal with acute neurological signs. 

Cocaine intoxication is manifested by CNS exci- 
tation, peripheral vasoconstriction, hyperthermia and 
increased muscular activity. Death results from 


respiratory or cardiac arrest, or hyperthermia. Narco- 
tics such as heroin exert their effects on the gastro- 
intestinal, cardiovascular and central nervous 
systems. Early clinical signs may include drowsiness, 
ataxia, decreased sensory pain perception, transient 
excitation, emesis, defecation and tachypnoea. Late 
Clinical signs include delirium, seizures, miosis, coma, 
respiratory depression and hypotension. Pulmonary 
oedema often occurs in fatal cases and death is often 
attributed to respiratory arrest. Amphetamine over- 
doses cause restlessness, behavioural changes, 
hyperactivity, mydriasis, polypnoea, hyperthermia, 
tachycardia, tremors, respiratory depression, cardiac 
dysrhythmias, heart block and circulatory shock. 
Treatment is largely symptomatic. Early after inges- 
tion GID should be considered. Treatment of seizures, 
hyperthermia, respiratory depression and cardiac 
dysrhythmias is of primary concern. The toxic effects 
of most narcotic agents can be reversed by naloxone 
(0.01-0.02 mg/kg i.v., i.m. or s.c.) to effect; repeated 
doses may be needed. Chlorpromazine (0.1-0.5 mg/ 
kg i.v.) may antagonize many of the effects of cocaine 
and amphetamines. Haloperidol (1 mg/kg i.v.) may be 
protective against the lethal effects of amphetamines. 


Plants 

While scores of potentially toxic plants may be in- 
gested, relatively few plants (Figure 19.8) account for 
the majority of exposures (Buck, 1995; Hornfeldt and 
Murphy, 1995). In cases of plant exposure, plants 
should be positively identified in order to determine 
their potential toxicity. Whole plant samples are pre- 
ferred for identification, but it may be possible to iden- 
tify a plant based upon examination of plant parts 
either from the environment of the animal or from vomi- 
tus. With few exceptions, treatment of toxic plant in- 
gestions involves symptomatic and supportive care. 


Philodendron Philodendron spp. | Insoluble calcium Gl, respiratory 

: oxalate 

Dumbcane Dieffenbachia spp. 

Rhododendron | Rhododendron spp. | Andromedotoxins Gl, cardiovascular GID, monitor ECG, 

Azalea fluids, atropine for 

bradycardia 

convulsions 

Easter and tiger | Lilium loniflorum Unknown Renal GID, treatment for acute 

lilies and L. tigrinum renal failure 
depression, 

Marijuana Cannabis sativa Tetrahydrocannabinol 

(THC) 
Poinsettia Euphorbia Unknown GI 
pulcherrima 
Most commonly implicated poisonous plants. (continues) > 
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| 19.8 | (continued) Most commonly implicated poisonous plants. 


Grapes and raisins 

Recently, ingestion of grapes or raisins by dogs has 
been associated with acute renal failure (Mazzaferro 
et al., 2004). The proximate toxin has not been iden- 
tified and not all dogs that ingest grapes or raisins are 
affected. In addition, there is no apparent relationship 
between the number of grapes or raisins ingested and 
the occurrence of acute renal failure. Clinical signs of 
intoxication are those of acute renal failure, including 
anorexia, emesis, diarrhoea, lethargy, abdominal pain 
and oliguria followed by anuria. Histopathological 
lesions include proximal renal tubule degeneration and 
necrosis. Diagnosis of intoxication relies on a history 
of recent ingestion of grapes or raisins. Treatment in- 
cludes early GID and symptomatic and supportive 
care. Haemodialysis or peritoneal dialysis should be 
considered if available. The prognosis is poor based 
upon reported cases to date. 


Methylxanthines (caffeine, theobromine) 
Caffeine and theobromine are alkaloids of plant origin 
found in a variety of foods, beverages, dietary supple- 
ments and over-the-counter (OTC) products. Intoxica- 
tion of animals most often occurs following the ingestion 
of chocolate (containing primarily theobromine, but also 
caffeine), caffeine-containing dietary supplements or 
OTC stimulant tablets. Less frequently, dogs have re- 
portedly been intoxicated following the ingestion of 
cocoa bean shells used as mulch for plants. The theo- 
bromine content of chocolate varies, with unsweetened 
baking chocolate containing 1360—1600 mg/100 g and 
milk chocolate containing 155-212 mg/100 g (Carson, 
2006). The lethal doses of caffeine and theobromine 
for dogs vary from 110-200 mg/kg and 100-250 
mg/kg, respectively. Most cases of intoxication occur 
in dogs. Dogs may be predisposed to intoxication 
from theobromine due to slower metabolism. The half- 
life of theobromine in dogs is approximately 17.5 hours 
compared to 6-10 hours in humans. 

Methylxanthines inhibit cyclic nucleotide phospho- 
diesterases and are adenosine receptor antagonists. 
These actions result in cerebral cortical stimulation, 
seizures, increased myocardial contractility, smooth 
muscle relaxation and diuresis (Carson, 2006). Addi- 
tionally, caffeine stimulates catecholamine release. 
The onset of clinical signs following ingestion of 
methylxanthines at toxic doses is rapid. Initially, rest- 
lessness, hyperactivity, behavioural abnormalities and 


emesis are commonly noted. Signs progress rapidly 
to panting, tachycardia, weakness, ataxia, diuresis, 
diarrhoea, hyperexcitability, severe hyperactivity, mus- 
cle tremors, hyperthermia and clonic seizures. Death 
is most often due to cardiac dysrhythmias, especially 
ventricular fibrillation (Holmgren, 2004; Carson, 2006). 
Caffeine and theobromine can be detected in a vari- 
ety of samples (stomach contents, plasma, serum, 
urine and liver) to confirm exposure when needed. 

Early treatment of the intoxicated animal involves 
stabilization of respiratory and cardiac function. Once 
stable, appropriate GID should be undertaken. Admini- 
stration of multiple doses of AC is useful to increase 
caffeine or theobromine clearance; 0.5 g/kg every 3 
hours for 72 hours has been recommended (Carson, 
2006). Hyperactivity, hyperexcitability and seizures 
can be controlled with diazepam at 0.5-2 mg/kg i.v.; if 
unresponsive to diazepam, barbiturates can be used. 
Hyperthermia can resolve rapidly once hyperactivity 
or seizures are controlled, although persistent hyper- 
thermia should be treated aggressively. Cardiac func- 
tion should be monitored closely and cardiac 
dysrhythmias treated appropriately. Tachycardia can 
be treated with a beta blocker such as metoprolol 
(0.5-1.0 mg/kg orally q8h for dogs and 2-15 mg orally 
q8h for cats). Premature ventricular contractions 
should be treated with lidocaine (initially a slow intra- 
venous bolus of 2-6 mg/kg in dogs or 0.5-1.0 mg/kg 
in cats is followed by a constant rate infusion of 
20-70 ug/kg/min in dogs or 10-20 ug/kg/min in cats). 
Intravenous crystalloids should be given to minimize 
renal damage secondary to rhabdomyolysis. Urinary 
catheterization may be useful to increase methylxan- 
thine clearance, since reabsorption can occur across 
the bladder wall. Haemoperfusion or haemodialysis 
can also increase methylxanthine clearance. 


Mushrooms 

A variety of mushrooms are toxic (Spoerke, 2006), 
with the most poisonous mushrooms containing cyclo- 
peptide toxins, especially amanitin. Several genera 
of mushrooms contain amanitin, but ingestion of 
Amanita spp. and Galerina spp. are most often involved 
in intoxication. Ingestion of amanitin-containing mush- 
rooms results in fulminant liver failure. Renal failure 
and coagulopathy can also occur. Amanitin toxins in- 
hibit protein synthesis by ribosomes within hepato- 
cytes. Following mushroom ingestion, there can be 
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a latent period before the onset of clinical signs. 
Clinical signs include hyperglycaemia followed by 
hypoglycaemia, coagulation abnormalities, ataxia, list- 
lessness, bradycardia and shock. Antemortem diag- 
nosis of Amanita intoxication relies on a history of 
recent mushroom ingestion and, if testing is available, 
detection of amanitin in serum, urine or gastrointes- 
tinal contents. Whether amatoxin testing is available 
or not, an attempt should be made to identify the gen- 
us and species of mushroom ingested. Unfortunately, 
mushroom identification often requires specialized ex- 
pertise that may or may not be readily available and 
fresh samples are necessary. 

Once liver damage has occurred, treatment is of- 
ten unrewarding. GID is warranted if the animal is pre- 
sented early after ingestion. Multiple doses of activated 
charcoal are indicated because enterohepatic 
recirculation of the toxins occurs. Apart from standard 
supportive care, penicillin G and silymarin (derived from 
Silybum marianum, or milk thistle) have been used, 
but their efficacy is uncertain. Silymarin at a total dose 
of 1.4—4.2 g per day can be given orally for 4-5 days. 
Alternatively, N-acetylcysteine at doses similar to those 
for treating paracetamol intoxication can be adminis- 
tered. Silymarin and N-acetylcysteine are thought to 
be hepatoprotective. Vitamin K1 and blood transfusions 
are indicated in cases with coagulopathy. 


Mycotoxins 

Mycotoxins are secondary fungal metabolites that can 
intoxicate humans and animals (Puschner, 2002). 
Several mycotoxins have been characterized and 
shown to cause animal disease. However, two major 
classes of mycotoxins are responsible for the major- 
ity of small animal intoxications: aflatoxins and 
tremorgenic mycotoxins. 


Aflatoxins 
Aflatoxins are produced by certain fungal species in 
the genus Aspergillus, which grow on corn, peanuts 
and other agricultural products during warm and hu- 
mid conditions. Under natural conditions, four major 
aflatoxins are produced (aflatoxins B,, B}, G, and G,), 
with aflatoxin B, being both the most prevalent and 
most toxic. Aflatoxins are metabolized by the liver to 
reactive epoxides which bind covalently with cellular 
macromolecules such as DNA, RNA and proteins. 
Such binding results in damage to hepatocytes lead- 
ing to impaired liver function, bile duct proliferation, 
bile stasis and liver fibrosis. Cases of toxicity have 
occurred in dogs but have not been reported in cats. 
In dogs, most reported cases have resulted in 
acute liver failure. Signs can include weakness, de- 
pression, anorexia, emesis, diarrhoea, icterus and 
signs associated with coagulopathy. Haemorrhage, 
secondary to clotting factor deficiency as a result of 
inhibition of protein synthesis, is often the immediate 
cause of death. Liver enzymes, ammonia and bilirubin 
concentrations are increased in serum and coagula- 
tion times can be prolonged. Testing of biological 
specimens for aflatoxins is not widely available. An 
antemortem diagnosis relies on occurrence of char- 
acteristic signs, ruling out other causes of acute liver 
failure and detection of aflatoxins in representative 
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food items. Recognition of aflatoxicosis often does not 
happen sufficiently early for GID procedures to be 
useful. Treatment is symptomatic and supportive. The 
prognosis is related to the severity of the liver dam- 
age. If liver damage is extensive, the prognosis is poor. 


Tremorgenic mycotoxins 

Penitrem A and roquefortine are two mycotoxins pro- 
duced by Penicillium spp. Toxigenic Penicillium spp. 
have been found on mouldy dairy products, bread, 
walnuts and compost. Penitrem A and roquefortine 
affect the CNS. Penitrem A may cause presynaptic 
changes in acetylcholine release, decreased produc- 
tion of glycine or GABA receptor agonism; the mech- 
anism of action of roquefortine is unknown. 

Most reported cases of intoxication involve dogs. 
Signs of intoxication in dogs include emesis, increased 
irritability, weakness, muscle tremors, rigidity, hyper- 
activity, sensitivity to noise, panting and hyperther- 
mia (Puschner, 2002). Tremors can become severe, 
and opisthotonus, seizures, nystagmus, recumbency 
and paddling can occur. Rhabdomyolysis, dehydra- 
tion and metabolic acidosis are potential complicat- 
ing factors. Signs can occur within 30 minutes of 
ingestion of contaminated materials or be delayed for 
several hours. A diagnosis of intoxication relies on a 
history of ingestion of mouldy materials, occurrence 
of characteristic signs and detection of penitrem A or 
roquefortine in samples such as food items, gastro- 
intestinal contents, serum or urine. Anumber of other 
poisons such as metaldehyde, organophosphate and 
carbamate insecticides, pyrethrin/pyrethroid insecti- 
cides, bromethalin and illicit drugs cause similar clini- 
cal signs, so obtaining a detailed history and 
performing analyses on appropriate samples are keys 
to confirming mycotoxin exposure. Treatment involves 
GID if instituted early after a suspected exposure. 
Additional therapy involves controlling seizures and 
hyperthermia, correcting metabolic acidosis and main- 
taining hydration and urine flow. 


Cyanobacterial toxins 

Cyanobacteria or blue-green algae are commonly 
found in fresh or salt water in temperate regions of 
the world. Under favourable environmental conditions, 
algae can undergo rapid proliferation resulting in al- 
gal ‘blooms’, and elaborate extremely toxic com- 
pounds. Blooms can become concentrated along 
shorelines as a result of wind or wave action. Pets 
are exposed to the toxins when they ingest bloom 
material secondary to water ingestion. Microcystis and 
Nodularia spp. can produce hepatotoxins and Ana- 
baena, Aphanizomenon, Lyngbya and Oscillatoria 
spp. can produce neurotoxins (Hooser and Talcott, 
2006). The hepatotoxicants include microcystins or 
nodularin while the neurotoxicants include anatoxin-a 
or anatoxin-a,. 

Microcystins and nodularin inhibit protein 
phosphatases within hepatocytes which leads to rapid 
and massive hepatic necrosis, intrahepatic haemor- 
rhage and shock. Anatoxin-a is a postsynaptic de- 
polarizing blocking agent and anatoxin-a, is an 
acetylcholinesterase inhibitor. Clinical signs associ- 
ated with hepatotoxicant ingestion include emesis, 


diarrhoea, lethargy, weakness, pallor and circulatory 
shock. Anatoxin-a causes acute onset of muscle 
rigidity, tremors, seizures, paralysis and respiratory 
paralysis. Anatoxin-a, causes rapid onset of signs of 
muscarinic receptor stimulation (DUMBELS), seizures 
and respiratory paralysis. Confirmation of exposure 
relies on a history of access to contaminated water, 
observation of bloom material on the haircoat or 
around the mouth, detection of an odour suggestive 
of exposure to stagnant water, occurrence of com- 
patible clinical signs, identification of toxigenic algal 
species in water samples or gastrointestinal contents 
and identification of specific toxins in water samples 
or gastrointestinal contents. 

Treatment includes standard GID procedures if 
initiated soon after exposure to bloom material, and 
symptomatic and supportive care. Circulatory shock 
is of immediate concern in animals exposed to 
hepatotoxicants, while seizure control and respiratory 
support are critical for animals exposed to the 
neurotoxicants. Atropine will reverse the muscarinic 
signs associated with anatoxin-a, intoxication. The 
prognosis is poor for symptomatic animals and the 
rapidity of onset of clinical signs often precludes 
effective therapeutic intervention. 


Lead 

Lead intoxication is still common, despite efforts to 
decrease environmental sources of exposure. The 
incidence is highest in young dogs and in pets kept in 
older houses. Sources of exposure include paint and 
paint residue or dust from sanding, lead objects such 
as curtain and fishing weights, improperly glazed 
ceramic food or water bowls, plumbing materials, 
solder, putty and linoleum. 

Lead interacts with sulphydryl groups and inter- 
feres with numerous enzymes, including those in- 
volved in haem synthesis, resulting in increased 
fragility and reduced survival of red blood cells. Dam- 
age to CNS capillaries may account for acute CNS 
effects. Clinical signs are related to the gastrointesti- 
nal and nervous systems. Gastrointestinal signs are 
prominent in animals with chronic low-level exposure 
to lead, and include emesis, diarrhoea, anorexia and 
abdominal pain. Neurological signs are more common 
in animals with acute exposure, and include lethargy, 
hysteria, seizures and blindness. Diagnosis relies on 
detection of clinically significant lead concentrations 
in whole blood. A large number of nucleated red blood 
cells and basophilic stippling suggest lead exposure, 
but their absence does not rule out lead toxicosis. 
Radio-opaque material in the gastrointestinal tract may 
be an important clue to ingestion of lead objects or 
paint chips. 

Case management should be tailored to the indi- 
vidual situation. AC is not effective in binding lead. 
Sodium sulphate may hasten the elimination of lead 
from the gastrointestinal tract by forming lead sulphate, 
which is not well absorbed. Whole bowel irrigation to 
remove small metallic objects or paint chips seems 
reasonable, although such a decontamination ap- 
proach has not been evaluated for efficacy. Alterna- 
tively, metal objects may be removed via endoscopy 
or surgery. Calcium disodium edetate (CaNa,EDTA) 
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and succimer (dimercaptosuccinic acid or DMSA) are 
effective lead chelators. The use of succimer is rela- 
tively new; it has several major advantages over 
CaNa,EDTA, including oral efficacy and fewer side 
effects (Graziano, 1994). CaNa,EDTA should be di- 
luted to a 1% solution with 5% dextrose in water and 
administered subcutaneously at 25 mg/kg q6h for 5 
days (Poppenga, 1997). Animals with blood lead con- 
centrations greater than 1 ppm often need multiple 
treatments separated by 5-day rest periods. Blood 
lead concentrations should be monitored several days 
after cessation of treatment to determine whether 
additional chelation will be necessary. Succimer is 
administered orally at 10 mg/kg q8h for 5 days, fol- 
lowed by 10 mg/kg q12h for 2 weeks. Extended treat- 
ment should be separated by 2-week rest periods. 
Seizures should be controlled with diazepam. 


Zinc 
Zinc intoxication may occur following the ingestion of 
zinc-containing objects such as coins, galvanized 
hardware materials or ointments containing zinc oxide. 
It is most frequently reported in dogs and pet birds. 
Zinc causes severe gastrointestinal irritation and 
intravascular haemolysis. Multiple organ failure, dis- 
seminated intravascular coagulation and cardiopul- 
monary arrest have been reported. Diagnosis relies 
on the measurement of elevated serum zinc concen- 
trations. Metallic objects may be detected on abdomi- 
nal radiographs and may be an important clue to zinc 
intoxication in patients with a haemolytic crisis. 
Specific treatments for zinc toxicosis include re- 
moval of metallic objects from the gastrointestinal tract 
and the administration of CaNa,EDTA, which chelates 
zinc (succimer does not chelate zinc effectively). 
Symptomatic and supportive care should be instituted 
and liver, renal, coagulation and cardiac function moni- 
tored. Removal of the source of zinc often results in 
gradual improvement over 48-72 hours. 
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Cardiopulmonary-cerebral 


resuscitation 


Edward Cooper and William W. Muir 


Introduction 


Cardiopulmonary—cerebral resuscitation (CPCR) con- 
tinues to command a great deal of interest and oc- 
cupy a large number of written pages in both research 
and clinical journals because of its catastrophic nature, 
the development of new treatment modalities, the clini- 
cal use of sophisticated monitoring techniques and 
the natural aversion to death. Cardiopulmonary arrest 
is defined as an abrupt cessation of spontaneous 
and effective ventilation and systemic perfusion (cir- 
culation), which leads to inadequate oxygen delivery 
to tissues, shock and death. Common causes include 
anaesthetic overdose, trauma (multiple fractures, head 
injury, coma) with or without exsanguination, acute 
cardiac failure from cardiac dysrhythmias or myocar- 
dial disease (cardiomyopathy, valvular insufficiency) 
and debilitating diseases. 

CPCR is an organized pre-planned approach for 
providing artificial support of ventilation and circula- 
tion (basic life support) until spontaneous breathing 
and circulation can be restored and sustained (ad- 
vanced life support). Regardless of the progress made 
in our understanding of pathophysiological processes 
and therapies, little or no improvement in long-term 
survival (patient leaves the hospital) following CPCR 
has been reported. Indeed, although several studies 
suggest initial survival rates ranging from 20-75%, 
most critical reviews of long-term survival following 
cardiopulmonary resuscitation in dogs and cats note 
that less than 5% of the patients resuscitated ever 
leave the hospital (Kass and Haskins, 1992; Wingfield 
and Van Pelt, 1992). There are many reasons for the 
discrepancies in the survival rate percentages re- 
ported, including the criteria used to determine when 
resuscitation should be initiated, which patients were 
selected for resuscitation, definitions of successful 
resuscitation and a host of patient-related (e.g. age, 
disease status), personnel (training, preparedness) 
and environmental (monitoring capabilities) consid- 
erations. Unfortunately no recent studies have been 
published to account for these variables, or to aid in 
determining whether there has been any increase in 
CPCR success rates. Certainly the best methods for 
improving patient survival are to maximize patient 
monitoring, have immediate access to drugs and 
equipment and to be familiar with the techniques and 
therapies necessary to perform CPCR. Stated in dif- 
ferent terms, ‘an ounce of prevention is worth a pound 
of cure’ and ‘practice makes perfect’. 


When to resuscitate 


The decision to begin CPCR is based upon clinical signs, 
consideration of the potential outcome and a previous 
agreement (if possible) with the animal owner (Figure 
20.1). It is important to establish a code and technical 
approach for any critical patient or one that is to un- 
dergo general anaesthesia. That way, all personnel will 
be able to respond to the arrest appropriately. Resusci- 
tation should be attempted in patients that have a treat- 
able disease. CPCR should not be performed: in animals 
in the terminal stages of an incurable disease (hepatic, 
renal, cardiac failure, etc.); in those that have suffered 
severe head trauma with brain damage, where there is 
no reasonable chance of restoring near-normal menta- 
tion; or when the owner of the animal has instructed the 
veterinary surgeon not to resuscitate. 
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Phases of basic life support 


Once the decision to perform CPCR has been made, 
basic and advanced life support should be initiated 
as rapidly as possible in a sequential, orderly and pre- 
determined manner (Figure 20.2). All pertinent person- 
nel should be prepared for and have practised 
appropriate CPCR techniques. Basic life support in- 
cludes establishing and maintaining an airway (A), 
controlling breathing (B) and circulatory (C) support via 
the initiation of manual chest compression. There has 
been some suggestion that priority should be given 
to establishing circulation first, the CAB approach 
(Shapiro, 1998). This is based largely on the fact that 


primary cardiac disease often plays a role in human 
cardiac arrest. Additionally, thoracic compression alone 
has been shown to produce adequate ventilation, at 
least for a short period of time (Evans, 1999). How- 
ever, since most cardiopulmonary arrests in veterinary 
medicine are respiratory or vagally induced, it seems 
that A-B-C is still the most appropriate sequence in 
our species. Advanced life support includes measures 
that lead to the establishment and maintenance of spon- 
taneous breathing and circulation at or above normal 
values, via the administration of drugs (D), evaluation 
of the electrocardiogram (E) and treatment of cardiac 
dysrhythmias, including ventricular fibrillation (F). Fig- 
ure 20.3 lists emergency cart supplies. 


CARDIOPULMONARY RESUSCITATION 


NO RESPIRATIONS 
STRONG PULSE PRESENT 
Establish airway 
Ventilate with oxygen 


NO RESPIRATIONS 
NO PULSE/NO HEARTBEAT 


Establish airway 
Ventilate with oxygen 
(6-12 breaths per minute) 


NO RESPIRATIONS 
SLOW OR WEAK PULSE 


Establish airway 
Ventilate with oxygen 
(6-12 breaths per minute) 


Chest compressions 80-100/min 


Monitoring 
Treat underlying disorders 


MONITORING 

Heart rate 

Respiratory rate 
Temperature 

Capillary refill time 
Mucous membrane colour 


FIBRILLATION 


Pupillary light response 
Level of consciousness 
Electrolytes 

pH and blood gas 
PCV/TP/glucose 

Urine output 


TACHYCARDIA 


Continue Atropine 
ventilation with Glycopyrrolate 
oxygen Dopamine 
Morphine Adrenaline 
Lidocaine 


NO FIBRILLATION 


Chest compressions, 100/min 
Administer adrenaline 
ECG and CONTINUOUS 
EXTERNAL COMPRESSION 


BRADYCARDIA ASYSTOLE 
RATE 


Adrenaline Adrenaline 
Atropine Calcium 


Infuse dopamine to effect 


(3-10 pg/kg/min) 
Adrenaline 10 pg/kg i.v. 


DRUGS 
Atropine 
Glycopyrrolate 
Adrenaline 
Vasopressin 


Dopamine 
Dobutamine 
Lidocaine 
Morphine 
Calcium 


ELECTRO- 
MECHANICAL 
DISSOCIATION 


VENTRICULAR 
FIBRILLATION 


Defibrillate 
If no response: 
Adrenaline 
Lidocaine bolus 
Repeat defibrillation 


NO RESPONSE IN 5 MINUTES 
DIRECT CARDIAC COMPRESSIONS 
WITH DEFIBRILLATION AND 
DRUG ADMINISTRATION 


If no response in 15-20 Return to spontaneous circulation 
minutes, discontinue CPR Monitor 


Ep Cardiopulmonary-cerebral resuscitation flow chart. 
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2 x 50 mm, 4 x 100 mm gauze sponges/swabs 
12 mm, 25 mm, 50 mm tape 

50 mm roll of gauze 
Polyethylene urinary catheters 

Suture material 


| 20.3 | Emergency cart supplies. 


Airway 

An essential step in performing CPCR is the establish- 
ment of a secure and patent airway. The most effective 
way to achieve this goal is by endotracheal intubation 
with a cuffed endotracheal tube. The head should be 
extended and pulled forward prior to endotracheal in- 
tubation. Occasionally, animals become cyanotic and 
subsequently unconscious because mucus, soft tissue 
structures (soft palate, tongue) or foreign material such 
as food obstructs the upper airway. Brachycephalic 
breeds are particularly susceptible to upper airway 
obstruction during recovery from anaesthesia. Place- 
ment of an endotracheal tube ensures access to an 
unobstructed airway, and allows mucus or foreign 
material to be removed manually or by suction. 

When airway obstruction is severe or cannot be 
removed, an emergency tracheostomy should be per- 
formed (see Chapter 7). A 3-5 cm incision is made on 
the ventral midline parallel to the trachea, 2-4 cm 
caudal to the larynx (Figure 20.4). The tissue over 
the trachea is bluntly dissected and an incision is 
made between the tracheal rings, through which an 
endotracheal tube is placed. In animals with incom- 
plete upper airway obstruction, transtracheal catheter 


ventilation, an alternative to tracheostomy, is less trau- 
matic (Reich and Mingus, 1990). Ventilation is achieved 
by transcutaneously puncturing the trachea with a 14 
gauge plastic intravenous over-the-needle catheter 
assembly. The catheter is attached to venous exten- 
sion tubing and a hand-operated oxygen release 
valve (Figure 20.5). Oxygen flow rates are adjusted 
initially to 50 ml/kg. This technique has the advantage 
of providing 100% oxygen directly into the trachea and 
is relatively atraumatic. Tracheostomy generally re- 
mains the technique of choice, however, because it may 
allow spontaneous breathing of room air until the 
obstruction can be resolved. Tracheostomy can also 


Endotracheal 
tube 


| 20.4 | A tracheostomy is performed as illustrated 
after creating a ventral midline incision, 


Endotracheal 
tube 


Intravenous 
extension 
tubing 


Catheter 14g 
polyethylene 


( 20.5 | Methods of providing oxygen. 
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be useful in conscious animals that require ventilatory 
assistance, because of the difficulty in maintaining 
orotracheal intubation without general anaesthesia. 


Breathing 

Controlled or assisted ventilation can be accom- 
plished by connecting a properly placed endotracheal 
tube to a self-inflating Ambu bag, demand valve or 
anaesthetic machine (see Figure 20.5). Respiratory 
rate should be between 6 and 12 breaths per minute 
in animals with normal lungs. Ratios of one breath 
to five chest compressions or two breaths per 10-15 
chest compressions are used when simultaneously 
performing chest compressions. The amount of gas 
volume delivered (tidal volume) should approximate 
15 ml/kg at a maximum peak inspiratory pressure of 
20-25 cmH,O. This volume generally results in vis- 
ible but minimal expansion of the chest or movement 
of the abdomen. The lungs of cats and neonates, 
and normal alveoli in patients with restrictive types 
of lung disease (e.g. pneumonia, adult respiratory 
distress syndrome (ARDS), pulmonary fibrosis, 
diaphragmatic hernia) are easily overinflated. Lung 
overexpansion can lead to pulmonary barotrauma, 
inflammation, haemorrhage and pneumothorax. 
Smaller tidal volumes (6—10 ml/kg) at higher respi- 
ratory rates (15-20 breaths per minute) should be 
used in these patients. 

Poor training and the excitement associated with 
CPCR can often lead to overly aggressive ventila- 
tion. This should be avoided as it can be harmful for 
a number of reasons. Hypocapnia associated with 
hyperventilation can lead to decreased cerebral 
perfusion from reflex vasoconstriction, thereby 
worsening neuronal injury. In addition, studies in ex- 
perimental swine have demonstrated that hyperven- 
tilation during CPCR is associated with lower 
coronary perfusion pressures and reduced survival 
(Aufderheide and Lurie, 2004). Furthermore, exces- 
sively long inspiratory times (>3 seconds) or the 
maintenance of positive end expiratory pressure 
(PEEP) greater than 10 cmH.,O increase intrathoracic 
pressure, thereby decreasing venous return, cardiac 
output and arterial blood pressure. Small amounts 
(3-5 cmH.O) of PEEP, however, are not harmful, are 
inconsequential when the thoracic cavity is open to 
the atmosphere during internal cardiac massage and 
may improve arterial oxygenation. Mechanical artifi- 
cial respiratory assist devices, particularly pressure- 
cycled ventilators, perform poorly during CPCR. The 
intrathoracic pressure fluctuations produced by chest 
compression cause mechanical respirators to initi- 
ate or terminate the inspiratory cycle prematurely, 
resulting in inadequate ventilation. 

Mouth-to-nose ventilation is performed if endo- 
tracheal tubes and ventilatory assist devices are not 
available. It is accomplished by cupping both hands 
around the animal's muzzle, placing the operator's 
mouth against the thumbs (attempting to produce an 
airtight seal) and blowing air into the animal's mouth. 
Inflation of the stomach with air may occur, but can 
be avoided by pushing the larynx dorsally in order 
to occlude the oesophagus. This technique is ineffi- 
cient, but easily performed and can be life saving in 


puppies and kittens or in larger dogs and cats in 
acute respiratory distress situations after removal of 
foreign material from the upper airway. 

Kinking or mucus obstruction of the endotracheal 
tube, oesophageal intubation and accidental intuba- 
tion of a mainstem bronchus make it difficult to inflate 
the lungs (high inspiratory pressure) and frequently 
produce dyspnoea and cyanosis. Other conditions that 
restrict breathing include pleural effusions, diaphrag- 
matic hernia and pneumothorax. Auscultation and 
percussion of the chest are helpful diagnostic tech- 
niques which may differentiate between these prob- 
lems. Muffled heart sounds and a damped response 
to percussion may indicate fluid or tissue in the 
thoracic cavity. Normal heart sounds and a hyper- 
resonant chest may indicate pneumothorax or tension 
pneumothorax. Thoracocentesis, a chest drain or an 
open-chest approach should be used to remove ex- 
cessive fluid or air, particularly when tension pneumo- 
thorax is suspected. 

Ventilatory support should not be stopped once 
signs of spontaneous ventilation begin. Intermittent 
positive pressure ventilation is usually necessary until 
the patient regains consciousness. Listening to the 
end of the endotracheal tube, watching for normal 
ventilatory movement of the chest wall and contin- 
ued monitoring of mucous membrane colour and 
capillary refill time will help to assess the adequacy 
of ventilation. Measurement of arterial pH and blood 
gases on a point-of-care analyser, or non-invasive 
assessment of oxygen saturation using pulse oxi- 
metry (S,O, >90%) and ventilation using end-tidal 
(ET) capnography (ETCO, 30-40 mmHg) are also 
important techniques. Following extubation, nasal 
oxygen and oxygen cages help to maintain arterial 
oxygenation in conscious animals (Fitzpatrick and 
Crowe, 1986). 

Acupuncture stimulation of governor vessel 26 (GV 
26; Jen Chung) has been used successfully to restore 
respiratory and cardiac function in cats, dogs, kittens 
and puppies. Acupuncture therapy consists of vigor- 
ous pricking and twirling of a 25 gauge needle 2—4 
mm deep in GV 26, a point located in the ‘T’ formed in 
the philtrum below the nose or in the midline of the 
nasolabial cleft at the level of the lower canthi with 
the nostrils (Janssens et al., 1979; Altman, 1997). 


Circulation 


Closed-chest CPCR 

The restoration of normal cardiac electrical and 
pumping activity depends upon the early restoration 
of myocardial oxygenation and blood flow. Blood 
flow is initiated and supported by compressing the 
chest wall. Blood moves through the heart and ves- 
sels during chest compression due to direct cardiac 
compression in cats and narrow-chested dogs (car- 
diac pump mechanism), and phasic increases in 
intrathoracic pressure, which collapses intrathoracic 
veins, in larger animals (thoracic pump mechanism; 
Peters and Ihle, 1990). The ideal chest compression 
rate in dogs and cats is approximately 100 compres- 
sions per minute, devoting equal time to compres- 
sion and relaxation. 
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Effective chest compression in small animals is 
accomplished by compressing the chest wall from 
side to side with the animal in lateral recumbency 
(Figure 20.6). The heel of one hand compresses one 
side of the chest wall while the palm of the other 
hand or a sand-filled pillow is placed under the op- 
posing chest wall for support. The thumb and fore- 
finger can be used to accomplish the same 
manoeuvre in cats and very small dogs. Attention 
should be focused upon how fast the heel of the hand 
compresses the thorax, not the force necessary to 
compress the chest, although enough force must be 
generated to produce an obvious indentation of the 
chest wall of approximately 1-3 cm depending on 
patient size. Alternatively, mechanical chest compres- 
sion devices have been investigated in dogs and, 
while there was some improvement in haemo- 
dynamic parameters, there was no impact on sur- 
vival or neurological outcome when compared to 
manual compressions (Wik et al., 1996). 


| 20.6 | Correct hand positioning for performing chest 
compressions in the dog and cat 


A breath should be given once every fifth or sixth 
chest compression, or 2-3 times for every 10—15 chest 
compressions. Blood flow to the brain and heart was 
more effectively maintained by administering chest 


compressions simultaneously with ventilation at rela- 
tively high airway pressures (30—40 cmH,0), com- 
bined with abdominal binding (Koehler et al., 1983). 
Intermittent slow abdominal compression (counter- 
pressure) appears to be another effective means of 
improving blood flow during resuscitative efforts. A 
recent meta-analysis of studies involving humans, 
dogs and pigs concluded that this method was effec- 
tive and safe at improving organ perfusion and over- 
all survival (Babbs, 2003). Abdominal counterpressure 
is accomplished by having a second person use the 
palms of both hands to compress the abdominal cav- 
ity slowly at approximately 20-second intervals. Alter- 
natively, the abdomen may be temporarily bound 
during CPCR with an elastic bandage or towel if extra 
help is not available. 

Signs of restoration of effective peripheral blood 
flow include improvement in mucous membrane col- 
our, decrease in capillary refill time, reduction in 
pupil size and restoration of a peripheral arterial 
pulse. The peripheral arterial pulse should be evalu- 
ated during a short pause in chest compression be- 
cause pulse waves carried into the femoral veins 
during chest compression may be mistaken for an 
arterial pulse. 


Open-chest CPCR 
Attempts to maintain peripheral blood flow by chest 
compression should be evaluated within 3—4 min- 
utes of initiating CPCR. If signs of successful resus- 
citation are not evident or if the patient continues 
to deteriorate (bradycardia or cardiac arrest), the 
chest should be opened and internal (direct) cardiac 
massage initiated. Severe chest trauma, fractured 
ribs, pneumothorax, haemothorax, pericardial 
effusion, diaphragmatic hernia and other primary 
thoracic diseases (neoplasms, foreign bodies) are 
reasons for immediately initiating direct cardiac com- 
pression in patients that require CPCR. The chest is 
opened by making an incision from the top of the 
scapula to approximately 4 cm from the sternum on 
the left thoracic wall, at the cranial aspect of the 
fifth rib (fourth intercostal space) avoiding the inter- 
costal vessels and nerves. To limit contamination, 
the hair should be clipped and antiseptic solution 
applied to the skin prior to making the approach. Care 
must be taken not to damage the lung when enter- 
ing the thoracic cavity. Once the chest is entered, 
the fourth and fifth ribs are spread apart and the lungs 
are reflected dorsally and caudally. The pericardium 
is grasped and opened near the apex of the heart, 
and reflected dorsally exposing the ventricles. In 
smaller patients the heart is grasped between the 
thumb and forefinger and direct cardiac massage ini- 
tiated at a rate of approximately 100 compressions 
per minute. In larger patients the heart is held be- 
tween the palm and fingers using a reverse-milking 
motion to compress the heart. Excessive force dur- 
ing direct cardiac compression should be avoided 
as it can result in severe cardiac trauma, cardiac 
dysrhythmias and ventricular fibrillation. 

The colour, tone and rhythm of the heart can be 
evaluated once the chest is open. The presence 
of adequate ventricular filling can be assessed, 
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and a decision made whether additional fluid resusci- 
tation is required. Cardiac colour can be improved 
by appropriate ventilation and cardiac compression. 
Cardiac contractile function and rhythm can be im- 
proved by normalizing acid-base and electrolyte 
balance and the administration of cardiotonic or anti- 
dysrhythmic drugs. In larger dogs, the aorta can be 
compressed dorsally against the spine with the thumb 
of the opposite hand, which promotes blood flow 
to the heart and brain. Direct cardiac compression 
always produces better blood flow than closed-chest 
compression and has been associated with improved 
survival and neurological outcome (Benson et al., 
2005). However, this technique does require surgical 
intervention and predisposes to infection. 


Fluid therapy 

Fluid therapy is another important consideration 
when trying to re-establish effective circulation dur- 
ing a cardiopulmonary arrest. If cardiac arrest is 
thought to be secondary to hypovolaemia, aggres- 
sive fluid resuscitation may be warranted, especially 
once a spontaneous heart beat has occurred. How- 
ever, in the euvolaemic patient large amounts of intra- 
venous fluids may be detrimental, especially if lung 
disease is also present. Furthermore, coronary 
perfusion is dictated by the difference between ven- 
tricular pressures. Excessive fluid therapy could 
lead to right-sided pressure loading and significant 
impairment of myocardial blood flow in animals with 
poor cardiac function (Voorhees et al., 1987). There- 
fore only small amounts of intravenous fluid (1—2 
ml/kg/h), if any, should be administered until cardiac 
function is restored. 


Monitoring circulation during CPCR 

Whether cardiac compressions are performed with 
an open or a closed chest, it is important to deter- 
mine whether adequate blood flow is being achieved. 
Invasive monitoring of direct arterial pressures or 
cardiac output is ideal, but is rarely possible or prac- 
tical. Palpation of femoral pulses can be helpful but 
is not a very sensitive indicator of perfusion, espe- 
cially regarding more vital structures (heart, lungs, 
brain). Monitoring end-tidal carbon dioxide can be 
a useful and non-invasive marker of pulmonary 
perfusion. If there is inadequate venous return and 
delivery of blood to the lungs, carbon dioxide cannot 
be exchanged and expired and thus end-tidal car- 
bon dioxide is low. Attaining higher end-tidal carbon 
dioxide levels during resuscitation is associated with 
improved survival, and is potentially a better marker 
of adequate perfusion than cardiac output or cerebral 
blood flow (Blumenthal et a/., 1997). Another way of 
determining if cerebral blood flow is being established 
is the assessment of transcorneal Doppler blood flow. 
The same Doppler crystal used to measure blood 
pressure can be placed directly on the cornea and 
pulsatile blood flow can be heard with each com- 
pression (Figure 20.7). While this technique does not 
provide quantitative information it can help determine 
whether cardiac compressions are producing blood 
flow to the head. 
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Use of transcorneal Doppler for detection of 
20.7 
cerebral blood flow. 


Drugs should not be used to replace the establish- 
ment of an airway (A), restoration of breathing (B) and 
manual support of the circulation (C). Once basic life 
support has been initiated, however, drugs may be 
used to promote restoration of spontaneous circula- 
tion or to address the underlying cause of the arrest. 
Drugs should always be administered by bolus injec- 
tion and followed by 1—3 ml of crystalloid flush through 
a peripheral vein (Figure 20.8). Drug administration 
should occur simultaneously with chest compression, 
if possible, since the chest compressions are respon- 
sible for blood flow and the delivery of the drug to the 
heart and brain. Intravenous drug administration is 
preferred, although intracardiac and intratracheal (en- 
dobronchial) routes can be used when venous access 
is not readily available (Mazkereth et al., 1992). 
Using the intracardiac route, drugs are deliberately 
injected into the lumen of the left ventricle in order to 
hasten their delivery to the coronary arteries and 
ventricular myocardium. Intracardiac injections are 
easily performed during open-chest resuscitation, 
but are not recommended prior to opening the chest, 
since inadvertent pneumothorax, haemopericardium 
or intramyocardial injections leading to cardiac dys- 
rhythmias can occur. The intracardiac drug dose is 
generally one half the intravenous dose, while the 
endobronchial dose is two to three times the recom- 
mended intravenous dose. Adrenaline, atropine and 
lidocaine can all be administered by the endobron- 
chial route. The drugs are diluted in saline to adminis- 
ter 1 ml/5 kg, and followed by two or three manual 
lung inflations in order to promote drug distribution 
and absorption from the lung. It can be helpful to pass 
a sterile red rubber or male dog urinary catheter down 
the endotracheal tube to facilitate instillation of the 
drug into the lower airways. Sodium bicarbonate 
should never be administered by the endobronchial 
route as it causes severe airway irritation. 
Adrenaline, a catecholamine, is the first drug 
selected for the treatment of severe bradycardia that 
is non-responsive to atropine, severe hypotension 
and cardiac arrest. The administration of adrenaline 
during CPCR significantly improves myocardial and 
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Drug 
Adrenaline 0.01-0.2 mg/kg i.v. bolus q3-5min 
0.04-0.4 mg/kg intratracheal 
0.1-1 g/kg/min i.v. CRI 
Atropine sulphate 
Calcium 0.5-1.0 ml/kg i.v. to effect; closely observe | Positive inotrope 
(10%) CG Affects cardiac threshold potential to 
normalize cardiac conduction 
Diltiazem Calcium channel blocker 
Dobutamine Positive inotrope 
B-adrenergic agonist 
Dopamine 5-10 ug/kg/min CRI for increased Noradrenaline precursor 
contractility and cardiac output ‘ Dose-dependent : 
10-20 g/kg/min CRI for vasoconstriction | a- and/or B-adrenergic agonist 
Fumazeni Berzodazapine aan 
Glycopyrrolate 0.004-0.010 mg/kg i.v. Parasympatholytic 
Furosemide ` .v., Lm. 
Cats: 1- 2 mg/kg i.v., i.m. 
Lidocaine Dogs: 2-8 mg/kg i.v. bolus followed by Class 1B ventricular anti-dysrhythmic 
30-80 g/kg/min CRI 
Cats: 0.25-0.5 mg/kg i.v. bolus followed by 
10-20 jig/kg/min CRI 
Magnesium chloride 10-15 mg/kg i.v. given slowly over 5 min Electrolyte chemical defibrillator 
Mannitol 
Morphine sulphate 
Naloxone 
Sodium bicarbonate 
Vasopressin 


| 20.8 | Drugs commonly employed during and following cardiopulmonary resuscitation. 


cerebral blood flow by causing intense vasoconstric- 
tion of peripheral vascular beds, thereby centralizing 
blood volume. Adrenaline increases heart rate, arte- 
rial blood pressure and blood flow. Although large 
doses of adrenaline (0.2 mg/kg i.v.) are recommended 
when cardiopulmonary arrest is unwitnessed and 


resuscitation is delayed, smaller doses (0.01-0.02 
mg/kg i.v.) should be used to treat the acute develop- 
ment of bradycardia or ventricular asystole (Figure 
20.9) (Brown et al., 1992). Adrenaline overdose can 
produce ventricular dysrhythmias, ventricular fibrilla- 
tion and cardiac contracture (‘stone heart’). 
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20.9 


Atropine and glycopyrrolate are anticholinergics that 
are particularly effective in treating bradydysrhythmias 
caused by increases in vagal tone. Opioids (morphine, 
oxymorphone, fentanyl), a-2 agonists (xylazine, mede- 
tomidine, romifidine) and occasionally inhalant anaes- 
thetics (halothane, isoflurane, sevoflurane) can produce 
bradydysrhythmias that are responsive to anticholiner- 
gic therapy. Profound bradycardia, asystole and 
bradydysrhythmias that are unresponsive to initial doses 
of either atropine or glycopyrrolate should be treated with 
adrenaline. Excessive doses of anticholinergics can pro- 
duce sinus tachycardia and predispose to ventricular 
dysrhythmias. If the cause of bradycardia is unknown, 
or due to anaesthetic overdose, low doses (0.01 mg/kg 
i.v.) of adrenaline should be administered. 

Once heart rate, rhythm and a palpable pulse have 
been restored, either dopamine (3—10 tg/kg/min i.v.) 
or dobutamine (5-20 t1g/kg/min i.v.) can be used to 
maintain arterial blood pressure and blood flow. 
Dopamine is the preferred drug if the heart rate contin- 
ues to be slow, while dobutamine is preferred when 
the heart rate is within normal limits or elevated. 
Dopamine is more likely to increase heart rate than 
dobutamine, but both drugs increase arterial blood pres- 
sure and systemic blood flow. As with all catechola- 
mines, excessive doses can cause sinus tachycardia, 
ventricular dysrhythmias and ventricular fibrillation. 

Lidocaine, a local anaesthetic, possesses potent 
anti-dysrhythmic, antishock and analgesic effects. 
Lidocaine is particularly effective in treating ventricu- 
lar dysrhythmias if the patient is not hypokalaemic 
(potassium <3.0 mmol/l). Neurological side effects 
(muscle twitching, seizures) may occur if excessive 
doses are administered, particularly to cats. Initial 
bolus doses should not exceed 4 mg/kg in dogs and 
1 mg/kg in cats. A lidocaine infusion (30-80 ug/kg/ 
min) is used to produce sustained effects for periods 
of up to 24—48 hours when necessary. 

Sodium bicarbonate is used to treat non-respiratory 
(metabolic) acidosis. Severe lactic acidosis is common 
following cardiopulmonary arrest and results from 
anaerobic metabolism due to tissue hypoxia. Severe 
acidosis leads to central nervous system (CNS) de- 
pression, myocardial depression, decreased catechol- 
amine responsiveness and the production and release 
of tissue destructive metabolites. Sodium bicarbonate 
may be administered either during prolonged resusci- 
tation attempts or in the immediate post-arrest period 
to try and reduce some of these effects. Excessive 
sodium bicarbonate administration, however, produces 


Emergency doses of adrenaline. * Note that larger doses of adrenaline (0.1-0.2 mg/kg i.v.) are used if arrest is 
unwitnessed and suspected to have been present for more than 2-3 minutes. 


alkalaemia, decreases serum ionized calcium and im- 
pairs the release of oxygen from haemoglobin. The 
required dose of sodium bicarbonate can be calculated 
from blood gas results, using the base excess (BE), 
according to the following equation: 


Total bicarbonate deficit = 0.3 x BW (kg) x BE 


Although this equation gives the total deficit of bi- 
carbonate, the initial dose administered should be 
approximately one third to one half the calculated total. 
The acid—base status should then be re-assessed and 
the remainder given only if necessary. In the absence 
of blood gas analysis, the initial dose of sodium bicar- 
bonate should not exceed 1 mEq/kg unless there is 
evidence of severe non-respiratory acidosis (dehydra- 
tion, diarrhoea, lactic acidosis). Subsequent doses 
(0.5 mmol/kg i.v.) of sodium bicarbonate may be ad- 
ministered every 10 minutes until the circulation is 
restored or resuscitative efforts are terminated. 

Vasopressin was added to the 2000 Guidelines for 
Advanced Life Support, as an alternative or an addi- 
tion to adrenaline. Vasopressin causes vasoconstric- 
tion and, unlike catecholamines, is not affected by 
acidosis. Therefore, it may be effective when adrena- 
line is not. A number of experimental studies, prima- 
rily conducted in pigs, have shown increased cerebral 
and coronary perfusion using vasopressin, when 
adrenaline has failed to produce a response. One 
study showed improved neurological recovery when 
vasopressin and adrenaline were administered to- 
gether after prolonged CPCR (Stadlbauer et al., 2003). 
Human patients with higher vasopressin levels are 
more likely to survive CPCR (Lindner et al., 1996), 
suggesting that vasopressin supplementation during 
arrest could be of benefit. Preliminary trials in people 
suggested that administration of 40 IU of vasopressin 
improved resuscitation and 24-hour survival follow- 
ing ventricular fibrillation (Lindner et al., 1997). 
Despite these encouraging results, a recent meta- 
analysis of several human studies (Aung et al., 2005) 
found no clear advantage for the use of vasopressin 
in CPCR. Although there have been only rare case 
reports and no published clinical trials, the use of 
vasopressin during CPCR in dogs is still a potential 
consideration (0.8 IU/kg, once i.v.). 

Other drugs that have been used for the acute 
treatment of cardiac arrest include calcium gluconate, 
diltiazem and magnesium chloride (see Figure 20.8) 
(Capparelli et al., 1992). None of these drugs has been 
shown to improve long-term outcome, although the 
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administration of calcium-containing solutions is thera- 
peutic in patients with hypocalcaemia, hyperkalaemia, 
overdose of a calcium channel blocking drug 
(verapamil, diltiazem) or inhalant anaesthetic arrest. 
However, calcium has been shown to play a signifi- 
cant role in ischaemia—reperfusion injury and second- 
ary brain injury in the post-resuscitation period. 
Therefore, calcium-containing solutions are not rec- 
ommended for routine use in CPCR. 


= 


Pulseless electrical | Very weak or Normal, muffled or 
activity 


absent none 


ECG 
Normal P-QRS-T, rapid, normal or slow 
heart rate 

P-QRS-T may become increasingly wide 


Electrocardiography 


An electrocardiogram (ECG) is essential for accurate 
diagnosis of cardiac rhythm disturbances (Figures 
20.10 and 20.11) and provides valuable insights for 
appropriate drug selection. A normal ECG, however, 
does not ensure that cardiac contractile function is 
adequate to maintain arterial blood pressure or peri- 
pheral blood flow. 


Ps = t 7 IS 


Weak or absent cardiac 
contractions, poor filling 


and bizarre if treatment is unsuccesstul 


Bradycardia Slow, may be Infrequent P-QRS-T or ventricular Infrequent coordinated ventricular 

irregular infrequent complexes; junctional or ventricular contractions 

escape complexes 
Supraventricular Normal QRS-T; may have inverted or | Rapid, occasionally irregular 
tachycardia weak, pulse deficit are abnormal P waves, P wave may be heart beat 
buried in previous T wave 

Ventricular eeka Muffled, may be of | Wide QRS complexes, absence of Disorganized rapidly beating 
tachycardia pul Ea P-QRS relationship; large T waves heart 

e eer 


eS 
(cardiac arrest) flat-line ECG 


Ventricular fibrillation Absent QRS-T complexes. 
waves 


; fibrillation Fine to coarse rippling of the 
ventricular myocardium 


Exp Distinguishing characteristics of several types of cardiac rhythm or arrest disorders. 


Sinus rhythm ~\-—/--— SN 
Sinus bradycardia et A 


Cardiac rhythms observed during 
CPCR in the dog and cat. 


Third-degree heart block a eee hated ie ie 
Junctional bradycardia ~nr Nra 


Ventricular bradycardia 


Unifocal ventricular tachycardia 


Multifocal or multiform 
ventricular tachycardia 


Ventricular fibrillation 


Ventricular asystole 
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Pulseless electrical activity (PEA) is a catch-all 
term used to describe patients that have electrocar- 
diographic evidence of a cardiac rhythm, but a very 
weak or non-palpable peripheral arterial pulse. 
Patients may or may not have an auscultatable heart 
beat. Clinically, patients in normal sinus rhythm but 
with a systolic arterial blood pressure below 40-50 
mmHg are considered to be demonstrating PEA. The 
most extreme form of PEA is electromechanical dis- 
sociation (EMD), where there is electrocardiographic 
evidence of organized electrical activity (sinus or ven- 
tricular rhythm), but complete absence of effective 
myocardial contraction. Anaesthetic overdose, acute 
hypoxia, severe acidosis, systemic toxicity and 
cardiogenic shock are potential causes of EMD. The 
term PEA has largely supplanted the use of the term 
EMD in clinical practice. Treatment of PEA involves 
addressing the underlying cause(s), and the admini- 
stration of adrenaline. 

Bradydysrhythmias (sinus bradycardia, third-degree 
heart block, ventricular escape rhythm) are potential 
causes of cardiac arrest or fibrillation, and are com- 
mon occurrences in traumatized, anaesthetized or 
endotoxaemic patients, or immediately after success- 
ful CPCR. Sinus bradycardia and junctional escape 
rhythms are frequently observed during hypoxia and 
prior to ventricular asystole or fibrillation, while 
junctional and ventricular (idioventricular) escape 
rhythms can develop after defibrillation (Figure 20.11). 
These rhythm disturbances are impossible to distin- 
guish from one another without an ECG. Their haemo- 
dynamic consequences are similar, resulting in 
hypotension and poor systemic blood flow. Patients that 
present with slow junctional or idioventricular escape 
rhythms should be suspected of suffering from severe 
hypoxia, hyperkalaemia or systemic toxicity. Therapy 
includes anticholinergics (atropine, glycopyrrolate), 
adrenaline or specific techniques to lower serum po- 
tassium. Normal saline, sodium bicarbonate, dextrose 
with or without insulin, and hyperventilation may help 
to lower serum potassium when acute hyperkalaemia 
is responsible for the bradydysrhythmia. Calcium 
gluconate can be used to rapidly reverse the bradycar- 
dia and improve cardiac contractility until the other 
measures have diminished the hyperkalaemia. If car- 
diac arrest secondary to hyperkalaemia is suspected 
(e.g. urethral obstruction), calcium gluconate should 
be the first drug used during resuscitation. When the 
cause for the acute onset of bradycardia is unknown, 
the first steps should be to administer oxygen, begin 
chest compression and administer adrenaline and/or 
atropine. Adrenaline should also be administered intra- 
venously when the heart rate is rapidly slowing and 
peripheral pulses are not palpable. 

Ventricular tachycardia may be difficult to distinguish 
from sinus tachycardia without the aid of an ECG, since 
both can produce a weak peripheral pulse. Lidocaine 
is the drug of choice for the treatment of most ventricu- 
lar dysrhythmias and is administered intravenously as 
a bolus or infusion. Intravenous procainamide (5—10 
mg/kg i.v.) can be used as an alternative if lidocaine is 
not effective in restoring normal sinus rhythm. The se- 
rum potassium concentration should be determined and 
normalized (4-5 mmol/l), since most anti-dysrhythmics 
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are ineffective in hypokalaemic patients and toxic in 
hyperkalaemic patients. If the peripheral pulse remains 
weak after normal sinus rhythm has been restored, 
infusions of fluids, dopamine or dobutamine can be 
administered to improve cardiac contractility, increase 
arterial blood pressure and enhance peripheral 
perfusion. Alternatively, low intravenous doses of 
adrenaline can be administered. In the post-arrest 
patient, intravenous sodium bicarbonate can assist 
with restoration of normal sinus rhythm if metabolic 
acidosis is present. 

Ventricular asystole is difficult, if not impossible, 
to distinguish from ventricular fibrillation without an 
ECG (see Figure 20.11). This distinction is important, 
since ventricular asystole may respond to chest com- 
pression and the administration of adrenaline, while 
ventricular fibrillation requires electrical defibrillation. 
In either case, an airway should be established, and 
breathing and chest compression should be instituted 
immediately. All anaesthetic drugs should be discon- 
tinued. Adrenaline and sodium bicarbonate should be 
administered intravenously. Adrenaline can be re- 
administered at 3—5-minute intervals if asystole per- 
sists. External electrical defibrillation is required if 
asystole converts to ventricular fibrillation. Dopamine 
or dobutamine are administered by infusion once heart 
rhythm is restored. Ventricular asystole usually results 
from severe myocardial depression and is associated 
with a poor prognosis. 

The most common ECG rhythm in humans expe- 
riencing cardiopulmonary arrest is ventricular fibrilla- 
tion, occurring as the initial disturbance in 
approximately 60-70% of patients (Holmburg et al., 
2000). In veterinary patients, however, PEAis the most 
common rhythm, occurring in 23.3% of all arrests in 
one study (Rush and Wingfield, 1992). Ventricular 
asystole is almost as common, occurring in 22.8% of 
arrests. Other frequently recognized rhythms included 
ventricular fibrillation (19.8% of arrests) and sinus 
bradycardia (19.0%). This difference in frequency of 
arrest rhythms between species is probably attribut- 
able to the different circumstances under which CPA 
occurs. Cardiac arrest in humans most commonly in- 
volves myocardial infarction secondary to coronary 
artery disease, predisposing to ventricular fibrillation. 
In veterinary patients, cardiac arrests are more 
frequently associated with systemic illness, with an- 
aesthesia, or preceded by respiratory arrest. Unfortu- 
nately, at least in human medicine, the prognosis for 
survival in patients with ventricular fibrillation is much 
better than in those with either asystole or PEA 
(Holmburg et al., 2000). 


Fibrillation and defibrillation 


Ventricular fibrillation is an irregular quivering motion 
of the ventricles caused by continuous disorganized 
electrical activity. The ECG demonstrates fibrillatory 
waves (no QRS complexes) which are not effective in 
creating the coordinated myocardial contractions nec- 
essary to propel blood forward. Blood is not pumped 
and patients are pulseless. Lidocaine cannot convert 
ventricular fibrillation to normal sinus rhythm, but can 
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be used to prevent ventricular dysrhythmias following 
defibrillation. The inability to convert ventricular fibril- 
lation to sinus rhythm, or the recurrence of ventricular 
fibrillation after restoration of a cardiac rhythm, is an 
indication of myocardial hypoxia, acidosis, depression 
or severe systemic disease. The adequacy of ventila- 
tion, chest or cardiac compression and initial thera- 
pies should be re-evaluated frequently. Intravenous 
or intracardiac adrenaline should be administered prior 
to repeated attempts to defibrillate the heart. Occa- 
sionally during open-chest CPCR, drugs are deliber- 
ately injected into the left ventricle (intracardiac) in 
order to hasten their delivery to the coronary arteries 
and ventricular myocardium. Once a stable cardiac 
rhythm is produced, dobutamine or dopamine can be 
used to maintain arterial blood pressure and systemic 
blood flow. 

Electrical defibrillation remains the method of 
choice for the conversion of severe unresponsive ven- 
tricular dysrhythmias or ventricular fibrillation to sinus 
rhythm (Figure 20.12). Electrical defibrillation should 
be performed as soon as ventricular fibrillation is di- 
agnosed, because survival decreases linearly with 
increasing time to defibrillation. In order to achieve 
the most effective defibrillation, the electrical current 
should be transmitted directly across the heart. To 
facilitate this in closed-chest defibrillation, the patient 
should be placed in dorsal recumbency allowing place- 
ment of the paddles on either side of the chest, avoid- 
ing contact between the paddles and the table. Ideally, 
the hair should be clipped on both sides of the chest 
(although the urgency of the situation may preclude 
this) and a liberal amount of contact gel applied to 


Ventricular tachycardia with severe hypotension or ventricular 
fibrillation 
Direct-current defibrillators 
Internal: 0.5-2.0 Watt-seconds (Ws)/kg 
External: 5-10 Ws/kg 
Small patient (<7 kg) 
Internal: 5-15 Ws 
External: 50-100 Ws 
Large patient (>10 kg) 
Internal: 20-80 Ws 


Unresponsive 
Evaluate ventilation 
Evaluate thoracic wall or cardiac compression 
Evaluate fluid therapy 

Repeat and increase dose of adrenaline 

Repeat sodium bicarbonate administration 

Administer lidocaine for ventricular dysrhythmias 
Repeat electrical defibrillation (direct-current; see above) 


| 20.12 | Defibrillation techniques. Modified from Muir 
and Bonagura (1985). 


both paddles to ensure adequate contact. Care should 
be taken to ensure that the two gelled areas on the 
patient remain separate, and that the paddles do not 
touch each other, or the electrical discharge will 
occur along these lower resistance routes rather than 
through the thoracic cavity. Prior to discharging the 
defibrillator the operator should announce ‘clear’ and 
make sure that no one is in contact with the patient or 
the table, to avoid inadvertent shock to personnel. 
Adrenaline (0.01-0.05 mg/kg i.v.) should be adminis- 
tered and defibrillation repeated if initial attempts to 
restore a perfusing cardiac rhythm are unsuccessful. 
Few data are available on the clinical efficacy of chemi- 
cal methods of producing defibrillation. 


Monitoring 


Proper post-resuscitation monitoring and therapy are 
as critical as the resuscitation period itself if the patient 
is to survive. The period of hypoxia and ischaemia, 
regardless of how brief, results in metabolic acidosis 
and reperfusion injury to multiple organ systems. 
These effects can lead to temporary or permanent 
blindness, neurological deficits, pulmonary oedema, 
gastrointestinal mucosal sloughing, renal failure, hypo- 
thermia and shock. At particular risk is the CNS where 
ischaemia/reperfusion is characterized by neuronal 
damage and an increase in capillary and blood—brain 
barrier permeability, resulting in cerebral oedema and 
increased intracranial pressure. Careful monitoring of 
CNS signs (mental status), heart rate and rhythm 
(ECG), the peripheral pulse (arterial blood pressure), 
packed cell volume, total protein/solids, arterial 
blood gas and acid-base parameters (pH, pO., pCO.), 
electrolytes (Na*, K*, Ca®), and urine production 
(1-2 ml/kg/h) is essential. Mechanical ventilation may 
be required for many hours following resuscitation in 
order to enhance success. Infusions of dopamine or 
dobutamine are useful in maintaining cardiac 
contractility and peripheral blood flow during the post- 
resuscitation period. Judicious use of isotonic replace- 
ment solutions, with frequent auscultation of the chest 
and measurement of central venous pressures and 
urinary output, helps to prevent pulmonary or cerebral 
oedema (Fischer and Hossmann, 1996). 


Brain ischaemia 


The clinical consequences of partial or complete brain 
ischaemia include sensory deficits, blindness, cerebral 
oedema, seizures and coma, culminating in respira- 
tory arrest and cardiovascular collapse. These signs 
can be used to determine the progression of neuro- 
logical status and emphasize the importance of moni- 
toring the patient's level of consciousness, voluntary 
and involuntary body movements, extraocular re- 
flexes, pupil position and response to light, respira- 
tory rate and pattern and heart rate and rhythm. 
Bilateral pupillary constriction is an early response to 
brain ischaemia and suggests interruption of sympa- 
thetic tracts. Altered patterns of breathing, including 
Cheyne-Stokes respiration (alternating periods of 
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tachypnoea and apnoea), suggest respiratory centre 
depression. Loss of corneal reflexes and widely di- 
lated pupils indicate severe cerebral hypoxia or 
brainstem herniation and are usually followed by res- 
piratory arrest. 

Long-term recovery of normal brain function is 
possible after resuscitation if resuscitative efforts are 
initiated early (within 1-3 minutes) and optimized. 
Clinical signs of neurological injury, however, may not 
become apparent for several hours after successful 
resuscitation and often do not develop for 4—12 hours 
following resuscitation (White et al., 1983). The delay 
in onset of clinical signs is difficult to explain and sug- 
gests that the transient restoration of near normal brain 
function followed by gradual deterioration may be due 
to the maturation or continuation of mechanisms re- 
sponsible for poor brain blood flow. Brain ischaemia 
causes cytotoxic or cellular oedema due to failure of 
cell membrane pumps (Na*/K*, Ca**). Relatively short 
periods of hypoxia can cause disruption of the blood— 
brain barrier; in conjunction with increases in intra- 
cranial pressure caused by chest compression, this 
promotes increased transfer of water and protein, pre- 
disposing the patient to cerebral oedema. Cerebral 
oedema caused by the net gain in brain water may 
eventually impede cerebral blood flow, causing de- 
layed clinical signs. Capillary vasospasm and abnor- 
mal vasoconstrictive activity due to local release of 
prostaglandins and calcium from damaged cells are 
responsible for large increases in post-ischaemic vas- 
cular resistance. In addition, damaged neurons can 
release excitatory neurotransmitters, such as gluta- 
mate, which stimulate surrounding tissues, increas- 
ing oxygen demand and exacerbating injury. Highly 
tissue-destructive oxygen free radicals are produced 
following resuscitation and the reintroduction of oxy- 
genated blood. These pathological consequences of 
brain ischaemia and reperfusion are responsible for 
the delayed onset of hypoperfusion of the brain and 
the neurological signs following cardiac arrest and 
resuscitation in dogs and cats. 


Treatment of post-resuscitation brain 
ischaemia 

The prevention of post-resuscitation neurological ab- 
normalities is dependent upon rapid re-establishment 
of cerebral blood flow, control of intracranial pressure 
and inhibition of the products and detrimental pro- 
cesses triggered by brain ischaemia and reperfusion 
(Figure 20.13). The duration of circulatory arrest prior 
to the initiation of CPCR and the time required to re- 
establish normal haemodynamics and breathing are 
paramount in limiting complications and determining 
outcome. If resuscitation takes longer than 10-15 
minutes when conventional closed-chest cardiac mas- 
sage is used, neurological prognosis is poor because 
closed-chest compression techniques do not provide 
adequate brain blood flow. If CNS injury is to be 
avoided, CPCR should begin promptly at chest com- 
pression rates of approximately 100/min. The intra- 
venous administration of adrenaline (0.01—0.02 mg/ 
kg) concurrent with ventilation, abdominal compres- 
sion or abdominal binding helps to maintain higher 
levels of blood flow to the brain. 


| 20.13 | Brain-orientated resuscitation. Modified from 
Muir (1989). 


Fluids must be administered judiciously with close 
patient monitoring during and following CPCR. The 
administration of crystalloids or colloids during resus- 
citative efforts improves arterial blood pressure and 
blood flow, but can also cause dramatic increases in 
intracranial pressure (ICP) if given at shock doses 
(20-40 ml/kg i.v.). The increase in interstitial fluid vol- 
ume and ICP occurs because venous return may be 
hampered by resuscitative efforts and because the brain 
lacks a lymphatic drainage system. Hypertonic saline 
(7% NaCl, 5 ml/kg i.v.) produces rapid, but transient, 
restoration of haemodynamics, increases cerebral 
blood flow (CBF) and decreases ICP. The administra- 
tion of hyperoncotic or hyperosmotic solutions (5 ml/kg 
of 7% NaCl in 6% dextran 70) also minimizes increases 
in ICP. Head elevation and neck extension during spon- 
taneous or controlled ventilation may help to alleviate 
increases in ICP and ensure a patent airway. 

Cerebral blood flow is increased by high P,CO, and/ 
or low P,O,. Maximal vasodilation occurs when P,CO, 
is greater than 60 mmHg, while P,O; values less than 
50 mmHg are required to increase brain blood flow. 
Increases in cerebral blood flow increase the vascular 
to interstitial compartment fluid flux, thereby increas- 
ing ICP and predisposing to or causing cerebral 
oedema. Following successful CPCR and extubation, 
nasal oxygen or an oxygen cage is helpful in maintain- 
ing P,O, above 100 mmHg (Fitzpatrick and Crowe, 
1986). In intubated patients, ventilation using an inflat- 
able Ambu bag, anaesthetic machine or respirator helps 
prevent potentially detrimental increases in cerebral 
blood flow by normalizing P,CO, (between 35 and 45 
mmHg) and maintaining P,O; values above 90 mmHg. 
Long-term use of high levels of FO, (>60% for more 
than 12 hours) should be avoided, to prevent oxygen 
toxicity and oxygen free radical formation. Determina- 
tion of pH and blood gases (P,CO., P,O,) using a point- 
of-care blood analyser is the most practical and 
accurate method of assessing pH and blood gas dis- 
orders. Central venous blood samples are superior to 
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arterial blood samples when assessing the severity 
of acid-base abnormalities, while arterial blood sam- 
ples provide more information about lung function. 
Sodium bicarbonate may be administered at 0.5—1.0 
mEq/kg if severe metabolic acidosis (pH <7.1) per- 
sists despite appropriate fluid therapy and mainte- 
nance of blood pressure. 

Care must be taken not to overventilate the patient 
in the post-resuscitation period. Overventilation 
(P,CO, <20 mmHg) can cause constriction of cerebral 
vessels, cerebral hypoxia and increases in cerebro- 
spinal fluid (CSF) lactate concentrations. Large tidal 
volumes during controlled ventilation may also in- 
crease intrathoracic pressure, thereby elevating cer- 
ebral venous pressure, causing disruption of the 
blood-brain barrier. High tidal volumes also lead to 
decreases in venous return to the heart, thereby de- 
creasing cardiac output and systemic blood flow. 

Loop diuretics (furosemide, bumetanide) and os- 
motic diuretics (20% mannitol) are capable of rapidly 
decreasing ICP. Furosemide inhibits CI- and Na’ re- 
absorption in the ascending limb of the loop of Henle, 
producing immediate large-volume diuresis, and 
redistributes blood to peripheral vascular beds by di- 
lating venules. The net effect of diuresis and redistri- 
bution of blood favours the movement of fluid from 
the brain (or lung) to the intravascular space, decreas- 
ing brain water and ICP. Furosemide also inhibits car- 
bonic anhydrase, decreasing Na* uptake by the brain, 
which decreases brain swelling. Furosemide is initially 
administered at 1 mg/kg i.v. or 2 mg/kg i.m., followed 
by 0.5 mg/kg i.v. every 2—4 hours, if required. The 
patient's electrolyte, hydration and intravascular vol- 
ume status should be carefully monitored during diu- 
retic therapy. Although furosemide has the potential 
to produce hypokalaemic metabolic alkalosis, this is 
generally not a concern during acute administration. 

Mannitol produces an osmotic diuresis and estab- 
lishes an osmotic gradient that moves water from the 
brain to the intravascular space. In addition, mannitol 
has the ability to promote reperfusion by causing 
haemodilution and increasing cerebral blood flow. 
These effects, combined with its properties as a scav- 
enger of oxygen free radicals, make it an excellent 
choice for the prevention and treatment of increases 
in ICP and cerebral oedema. Dosages of 0.5-1.0 
g/kg i.v. are recommended, and repeat doses of 0.5 
g/kg i.v. may be given approximately every 4 hours. 

Diazepam and midazolam (0.1—0.2 mg/kg) are 
centrally acting muscle relaxants that produce mild 
calming effects and help to prevent seizures follow- 
ing resuscitation. If anaesthesia is required, low dos- 
ages of either sodium pentobarbital (1-3 mg/kg i.v.) 
or sodium thiopental (1-3 mg/kg i.v.) given to effect 
will help limit CNS damage and control seizures, 
although care must be taken to avoid barbiturate- 
induced cardiovascular compromise. Benzodiaze- 
pines and barbiturates decrease cerebral metabolic 
rate (oxygen consumption) by decreasing neuronal 
activity, protect membranes from free radicals and 
other excitatory neurotransmitters, decrease intracra- 
nial blood volume and ICP and increase tolerance to 
brief periods of complete brain ischaemia. Isoflurane 
and propofol have been advocated as alternatives to 


barbiturates for acute seizure control in dogs and 
cats; propofol (1-3 mg/kg) may be an excellent 
option in dogs. Finally, lidocaine administered by 
infusion (40—60 ug/kg/min) significantly reduces 
brain metabolic rate and stabilizes cell membranes. 

Calcium channel blockers are believed to produce 
beneficial effects by preventing or reducing large in- 
creases in the concentration of intracellular Ca”, 
thereby inducing vasodilation and increases in brain 
blood flow. Diltiazem at 5—10 ug/kg/min produces long- 
term increases in cerebral blood flow and improves 
outcome (see Figure 20.8) (Capparelli et a/., 1992). 
Blood pressure should be monitored during infusion, 
since calcium channel blocking drugs can produce 
hypotension due to their vasodilatory and negative 
inotropic effects. 

Another emerging technique for post-resuscitation 
neuroprotection involves the use of induced or permis- 
sive hypothermia. The most logical benefit of hypother- 
mia comes from a reduction in cerebral metabolic rate 
and overall oxygen demand. In addition, hypothermia 
leads to decreased excitotoxicity, free radical forma- 
tion, cerebral oedema, ICP, destructive enzyme activ- 
ity, apoptosis and inflammatory response (Safar et al., 
2002; Polderman, 2004). Induction of mild hypother- 
mia (33-36°C) has been found to provide benefit with- 
out the deleterious effects of moderate hypothermia 
(28-32°C). A meta-analysis of human studies demon- 
strated a significant improvement in short-term neuro- 
logical recovery and overall survival (Holzer et al., 
2005). This benefit has also been demonstrated in a 
number of canine studies, including one study which 
showed that induction of mild hypothermia during CPCR 
resulted in preservation of extracerebral organs as well 
as neuronal tissue (Nozari et al., 2004). Most evidence 
suggests that, to maximize this protective effect, the 
onset of hypothermia should be as close to the cardio- 
pulmonary arrest as possible, if not during CPCR it- 
self. Generally, external cooling is too slow, and 
hypothermia is most effectively and rapidly achieved 
by intravenous delivery of chilled crystalloid fluids (ap- 
proximately 20-30 ml/kg to effect to reach a tempera- 
ture of 33-36°C). Hypothermia should be maintained 
for 12-24 hours by further active cooling or warming 
as needed. Shivering, which can increase metabolic 
demands, may be prevented by administration of 
opioids, tranquillizers or neuromuscular blockers (if the 
patient is ventilated). The patient should be re-warmed 
gradually to prevent rebound hyperthermia, which could 
be detrimental. Potential side effects associated with 
hypothermia can include dysrhythmias, coagulopathies, 
increased risk of infection and electrolyte and fluid im- 
balances from ‘cold diuresis’. These effects most com- 
monly occur at temperatures below 32°C and should 
be minimal if mild hypothermia is used. 


Conclusion 


Clinical experience suggests that when complete brain 
ischaemia lasts for longer than 5 minutes and the 
cardiac resuscitative effort lasts in excess of 10-15 
minutes, neurological outcome is poor and long-term 
survival is reduced. Age, concurrent disease and 


307 


Chapter 20 Cardiopulmonary-—cerebral resuscitation 


current medical or surgical complications are all 
important factors in determining outcome. Important 
prognostic indicators include the level of conscious- 
ness, pupil, eyelid and upper airway reflexes, breath- 
ing patterns and the ability to maintain a normal body 
temperature. The presence of the oculocephalic (doll’s 
eye) and oculovestibular (caloric) reflexes are useful 
indicators of prognosis, but are suppressed by seda- 
tives, anaesthetics and hypothermia. These reflexes 
are generally absent when body temperature falls 
below 36°C in the dog and cat. Rapid recovery of eye- 
lid, pupillary and swallowing reflexes, resumption of a 
normal arterial pulse and breathing pattern, improv- 
ing level of consciousness and the maintenance of 
normal body temperature are considered good prog- 
nostic signs. Most dogs and cats that show signs of 
recovery within 5 minutes of restoration of spontane- 
ous circulation will recover with normal brain function. 
Progressive mental deterioration, seizures or uncon- 
sciousness, particularly after initial partial recovery, 
dilated fixed pupils, loss of eyelid and swallowing re- 
flexes, prolonged respiratory arrest and gradual de- 
creases in body temperature are poor prognostic 
signs. Inability to maintain a strong arterial pulse and 
normal heart rate, and failure to resume breathing, 
regardless of specific therapies, are excellent indica- 
tors of impending death. Close monitoring should be 
continued for at least 24 hours after cardiorespiratory 
function is restored. 
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Anaesthesia and sedation of 
the critical patient 


Richard Hammond 


Introduction 


Many critically ill patients will need sedation or even 
anaesthesia at one or more points during the hospi- 
talization period. 


Sedation 
Sedation is used in various ways in intensive care unit 
(ICU) patients including: 


* To allow minor procedures, diagnostic or 
therapeutic, to be performed without the need for 
general anaesthesia 

* To augment the effects of analgesics, where the 
level of distress or anxiety requires central 
behavioural modification. Sedation is never a 
substitute for the provision of adequate analgesia 

* To provide strategic neuroprotection in animals 
with head injury or those in status epilepticus 

* To modify sleep patterns to permit sleep in an 
otherwise distressed and insomniant patient 

* To modify behavioural signs such as vocalization 
and pacing due to separation/hospitalization 
anxiety. The additional stress response in an 
animal that is suffering disease and may be in 
pain further promotes a catabolic state, prolongs 
recovery from surgery and increases the 
potential for infection. When using a sedative to 
modify behaviour, the patient should be 
evaluated to ensure that the behavioural signs 
do not represent an early manifestation of 
another disease such as cerebral hypoxia. In 
addition, in an animal displaying these signs, 
sedation does not replace the provision of basic 
nursing care, with consideration of both physical 
comfort (e.g. checking for a full bladder, full litter 
tray, wet bedding etc.) and the patient's 
emotional requirements. 


Anaesthesia 
Anaesthesia is a necessary procedure in many ICU 
patients: 


* To facilitate procedures where sedation alone 
would be inadequate. Anaesthesia allows the 
establishment of a protected airway, the provision 
of increased inspired oxygen concentrations and 
the potential for ventilatory support where 
appropriate. In anaesthetized cases, 
cardiovascular and respiratory monitoring (such 


as Capnometry) may also be easier to perform. 
Anaesthesia, with the associated increase in 
patient support, may therefore be associated with 
a better outcome than a period of heavy sedation 
alone. Anaesthesia should therefore be 
considered ‘first line’ in most cases where a short 
period of ‘patient control’ is required 

* To facilitate intermittent positive pressure 
ventilation (IPPV). Small animals are poorly 
tolerant of endotracheal intubation when 
conscious. Anaesthesia is therefore often 
necessary to allow long-term assisted or 
mandatory ventilation. 


Assessment prior to sedation or 
anaesthesia 


Assessment of the critical patient is qualitatively no dif- 
ferent to that of any patient presumed healthy prior to 
anaesthesia. Findings form the basis of a structured 
and prioritized checklist of potential problems that may 
arise during the peri-anaesthetic period. Awareness of 
these potential problems allows preparedness and, 
where required, further pre-induction stabilization and 
support. It also forms the basis for the choice of anaes- 
thetic protocol. Because of the variable response to a 
given dose of agent in patients with severe compro- 
mise, patients should be examined to assess suitabil- 
ity for anaesthesia, even if sedation only is intended at 
that stage. An ABC body systems approach is one such 
method of assessment (Figure 21.1). 

Neural and hormonal responses in the critically ill 
or injured patient will act to preserve circulation to es- 
sential organs, including the brain and myocardium. 
This effectively centralized circulation may make the 
patient more susceptible to the adverse effects of seda- 
tive or anaesthetic agents. This effect may be exacer- 
bated by the concomitant presence of hypothermia, 
hypoalbuminaemia and acid—base and electrolyte 
disturbances. Careful preoperative assessment, 
stabilization of vital parameters and attention to detail 
are essential if potentially catastrophic effects of addi- 
tional centrally depressant agents are to be avoided. 
Few procedures require sedation or general anaesthe- 
sia to be performed on an emergency basis and when- 
ever possible patients should undergo a period of 
stabilization prior to the anaesthetic. Occasionally, due 
to the nature of the patient's disease, stabilization is 
not possible; in this scenario the nature of the patient's 


309 


Chapter 21 Anaesthesia and sedation of the critical patient 


Can the patient maintain an airway? 
Is there a potential need for tracheostomy? 


Wil patency be lost at Induction (e.g. 


Is there a need or potential need for airway 
clearance (i.e. suction)? 


Is heart rate normal at rest? 
Is there a dysrhythmia that is likely to result in 
reduced cardiac output? 

Does the type or frequency of the patient's 
dysrhythmia preclude general anaesthesia? 
Does the patient have adequate tissue 
perfusion to vital organ beds? 

Is urine production adequate (>0.5 ml/kg/h)? 


Pulse pressure is not a reliable indicator of the 
Status of circulatory volume, although 
presence of a poor peripheral pulse suggests 
reduced peripheral perfusion 

Capillary refill time is a poor indicator of 
circulating volume 

Central venous pressure is considered the 
most reliable method of assessing both 


yy Assessment of the critical patient based on ABC body systems approach. 


underlying disease, the effects of the anaesthetic 
agents and clinician familiarity with the drugs should 
all be carefully considered when making a rational 
choice of agent(s) to use. More detailed information on 
anaesthetic concerns with specific procedures can be 
found in the BSAVA Manual of Canine and Feline 
Anaesthesia and Analgesia. 


Interactions with concurrently 
administered medications 
Animals rarely pass though intensive care without the 
benefits of polypharmacy. In addition, emergency 
patients may have been exposed to long-term drug 
regimens. The direct and indirect effects of these agents 
on the anaesthetic protocol must be considered. 

Drug groups that may have an effect on anaes- 
thesia include: 


* Diuretics (hypovolaemia, hypokalaemia, acid— 
base disturbances) 

* Non-steroidal anti-inflammatory drugs (NSAIDs) 
(gastrointestinal ulceration, renal damage, 
increased potential for overdose through altered 
protein binding) 

+ Anticonvulsants (altered protein binding, liver 
enzyme induction) 

* Steroids (interaction with NSAIDs) 
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* Antibiotics (potentiation of neuromuscular 
blockade with aminoglycosides and 
macrolides) 

* Beta blockers (lack of response to inotropes, 
competition for hepatic elimination with 
midazolam, propofol altering propranolol 
distribution in the dog (Perry et al., 1991)). 


In most cases of long-term therapy, drugs should 
not be withdrawn prior to sedation or anaesthesia, 
as their withdrawal may increase the potential for 
complications. 


Choice of agent 


Many drugs used for sedation in ICU may also pro- 
duce anaesthesia (or more specifically hypnosis) at 
a higher dose (Figure 21.2). The effects of the drug 
on the patient (both wanted and ‘unwanted’) increase 
predictably, and in most cases linearly, over clinical 
dose ranges. The point of ‘anaesthesia’ is usefully 
defined in this situation by the ability to perform and 
maintain endotracheal intubation. The clinician may 
therefore encounter a situation whereby the animal 
is on the ‘cusp’ between sedation and anaesthesia 
at the dose of agent required to produce the desired 
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0.1-0.4 mg/kg bolus 


Used in combination 
with propofol: 40-100 
ug/kg/h 


— 7a - - 


Dog 0.05-0.40 mg/kg/min 


rrr Drugs commonly used for sedation and anaesthesia in veterinary intensive care. For further information on 


drug effects at different doses, please see text. 


effect (e.g. treatment of status epilepticus by propofol 
infusion). In such cases, the advantages of a protected 
airway, and ability to perform IPPV where necessary, 
must be weighed against the potential for airway dry- 
ing and increased risk of respiratory infection due to 
compromise of upper airway integrity. In the following 
text, agents and combinations that might be used for 
sedation or anaesthesia are discussed together. 
Opioids are discussed in Chapter 22. 


Propofol 
Advantages 


* Can be used at low doses to produce sedation. 
Increasing doses result in anaesthesia. 
Recovery from anaesthesia is smooth and rapid 
and does not rely on hepatic metabolism for 
initial plasma clearance. 

* Relatively non-cumulative over long-term 
infusion. 

+ Rapid response to change in infusion rate, thus 
easy to titrate dose. 

* Potent anticonvulsive. 

+ Reduces intracranial pressure. 

* Can be mixed in intravenous fluid bag to 
facilitate constant rate infusion (CRI) without loss 
of potency. 

* May be used in the presence of disease 
including renal and hepatic failure. 


Disadvantages 


* Lack of preservative and good bacterial medium 
properties mean asepsis must be scrupulous. 
When used as a CRI, the intravenous line and 
connections must be diligently maintained and 
regularly replaced (every 24 hours). 

* High or bolus doses may result in apnoea. 

* High doses lead to vasodilation and reduce 
cardiac output. 

* Long-term infusion may lead to hyperlipidosis and 
may represent a significant proportion of the 
caloric needs of the patient without providing 
amino acids. This must be taken into consideration 
when calculating nutritional support formulas. 

* Limited to 12 hours of infusion in cats due to reduced 
clearance and potential for Heinz body anaemia. 

* No analgesia. 

* Apparent tolerance is seen after 48 hours of 
higher dose infusion in some dogs (unpublished 
observation) requiring gradual increase of infusion. 

* Individual animal response is highly variable 
especially where there is hypoalbuminaemia. 

* Expensive. 


Properties 

Propofol is an intravenous sedative—hyponotic that has 
become the mainstay of human intensive care seda- 
tion and anaesthesia. Propofol decreases intracranial 
pressure, is a potent anticonvulsive, anti-oxidant and 
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bronchodilator and has some anti-inflammatory prop- 
erties. Pharmacokinetic properties of propofol that make 
it suitable for long-term sedation by infusion include 
rapid tissue redistribution, rapid metabolic clearance 
in most species (even with reduced hepatic function) 
and slow return to the circulation. These properties 
account for the rapid onset of action and short dura- 
tion, making titration of dose by infusion easier and 
more effective. The low reliance on hepatic function 
for plasma clearance makes propofol suitable for 
sedation in dogs even in the presence of severe hep- 
atic compromise (Heldman et al., 1999). The relative 
safety of propofol in the human ICU appears to be 
good. Cardiovascular effects are primarily due to vaso- 
dilation without the concomitant baroreceptor mediated 
increase in heart rate. This makes propofol useful in 
most ICU patients where increased myocardial work 
would be detrimental. Blood pressure should however 
be carefully monitored. Hypotension is less severe if 
propofol is given slowly to effect or via infusion, and is 
dose dependent, but may still be of significance in 
patients with hypovolaemia or haemodynamic instabil- 
ity. Heart rate is normally slightly reduced — again this 
is dose dependent. Respiratory depression is dose 
dependent at sedative doses and is not normally of 
significance; the rapid clearance means that the effects 
are quickly reversed. At high sedation doses, or when 
anaesthesia is maintained by continuous infusion, the 
ability to perform IPPV (Ambu bag or breathing attach- 
ment and anaesthetic machine) should be available. 
Despite early reports of ‘propofol syndrome’ in infants 
and, more recently, some adults (cardiac failure, meta- 
bolic acidosis and rhabdomyolysis) such complications 
are rare in human patients and not reported in veteri- 
nary species at the time of writing. 


Practical use 

Sedation is dose dependent and is achieved by infu- 
sion with no requirement for a loading dose. Infusion 
should be initiated at 25 ug/kg/min and increased 
incrementally by 10 g/kg/min at 10—15-minute inter- 
vals; maintenance of sedation requires a constant 
infusion of propofol with discontinuation resulting in 
prompt awakening. At higher doses, anaesthesia may 
be induced and the airway may not be protected. 
There is a high inter-patient variability in dose require- 
ment and this may change over time. Thus, equip- 
ment to perform endotracheal intubation should be 
easily accessible before initiating even a low-dose 
sedation infusion. Vomiting during propofol infusion 
is an infrequent complication but is potentially cata- 
strophic in an animal with reduced airway protection. 
Animals on higher-dose sedation should be monitored 
and observed as if anaesthetized, and even an 
apparently stable patient should be under 24-hour 
observation. Propofol is a suitable sedative/anaesthetic 
for use in cats in ICU but the duration of sedation and 
the number of anaesthetics in a given time is limited 
due to the reduced ability of cats to conjugate, and 
therefore eliminate, phenolic compounds. Repeated 
use of propofol may result in significant Heinz body 
anaemia in this species. It is recommended that 
sedation (via CRI) is limited to 12 hours and a 48-hour 
wash-out period allowed between anaesthetics. 
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Benzodiazepines (midazolam and 
diazepam) 


Advantages 


* May be used in combination with other agents 
for more stable sedation in ICU patients. 

* Minimal cardiovascular effects at standard doses. 

* Relatively inexpensive when used in 
combination with other agents. 

* Potent anticonvulsive and muscle relaxant 
properties. 


Disadvantages 


* Sedation is unreliable when used as a sole 
agent. In some animals, especially cats, 
profound dysphoria is seen. May produce 
disinhibition (loss of learned behaviour). 

* High doses produce respiratory depression. 

* Increasing doses do not result in anaesthesia. 


Properties 

Benzodiazepines act centrally to produce muscle 
relaxation and some sedation. These agents possess 
minimal cardiovascular and respiratory depressant 
properties and may significantly reduce the dose 
requirement of anaesthetic induction agents. Seda- 
tion is less reliable and of shorter duration than with 
acepromazine, but is often more profound in debili- 
tated patients. Benzodiazepines are potent anticon- 
vulsants. Diazepam is metabolized to products with 
pharmacological activity and is available as an emul- 
sion preparation for intravenous use, an injectable 
form for intramuscular administration (containing ben- 
zyl alcohol) as well as a rectal tube preparation more 
suitable for treatment of status epilepticus. Midazolam 
is a water-soluble preparation that can be used by 
any parenteral route. Accumulation of these products 
may result in a prolonged half-life, and makes them 
less suitable for longer-term infusion. In combination 
with other agents such as opioids, synergy of seda- 
tive effects is seen. This is the usual mode of use in 
the veterinary ICU. In cases of overdose, a benzo- 
diazepine antagonist (flumazenil) is available. It has 
a short shelf life, short half-life and is expensive. 


Practical use 

These agents are widely used in the human ICU, 
where the degree of sedation produced is greater 
and more predictable. Although midazolam is a more 
potent sedative than diazepam in humans, this is 
not reflected in veterinary use. There is little practical 
use of benzodiazepines alone in the veterinary ICU, 
apart from their first-line use for management of 
seizures. Diazepam (and probably midazolam) is re- 
duced in potency by addition to an intravenous fluid 
bag (Kowaluk et al., 1982), limiting its use in the 
absence of a syringe driver. For intravenous use, 
Diazemuls™ (distributor: AH Cox & Co Ltd, Barn- 
staple), the emulsion preparation, should be used, as 
it does not contain propylene glycol. In combination, 
benzodiazepines may be infused alongside propofol 
or fentanyl. The advantages of such combinations 
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are a significant dose reduction of the other sedative/ 
analgesic (and therefore reduction of unwanted 
effects) as well as a more stable and reliable re- 
sponse. A suggested protocol would be to initiate intra- 
venous infusion of the benzodiazepine at a fixed rate 
(40—100 ug/kg/h of midazolam or diazepam) followed 
15-20 minutes later by propofol infusion at a variable 
rate titrated to effect and starting at 25 ug/kg/min. 
Cumulative effects can be managed by a gradual 
reduction of the CRI dose over time, depending on 
the response of the patient. Midazolam is less likely 
to be cumulative if the infusion is to be prolonged for 
more than 24 hours. 


Medetomidine and dexmedetomidine 
Advantages 


* Marked sedation with only mild reduction in 
minute ventilation. 

* Analgesic properties. 

* Titratability and rapid, complete reversibility 
with atipamezole. 

* Inhibition of stress response improves 
recovery times. 

* Reduction of intracranial pressure with a 
matching of cerebral oxygen demand and 
supply. 


Disadvantages 


* Significant increase in systemic vascular 
resistance and decreased cardiac output may be 
extremely risky in unstable animals. 

* Prolonged elimination in the presence of hepatic 
dysfunction. 

* Bradycardia. 

* Emesis at higher doses. 

* Hyperglycaemia. 


Properties 

Medetomidine provides sedation, analgesia, muscle 
relaxation and anxiolysis. Medetomidine has replaced 
xylazine in dogs and cats, due to its greater alpha- 
2:alpha-1 affinity. This increased selectivity results in 
more predictable and effective sedation and analgesia 
and fewer side effects. 

The sedative—hypnotic effects of alpha-2 agonists 
are a result of inhibition of noradrenaline release from 
noradrenergic receptors (autoreceptors) in the locus 
coeruleus. Analgesic effects are principally but not 
exclusively due to spinal anti-nociception via binding 
to non-noradrenergic receptors (heteroreceptors) 
located on the dorsal horn neurons of the spinal cord 
(Shaham et al., 2000). These heteroreceptors are 
found presynaptically, where they inhibit the release 
of neurotransmitters and neuropeptides, and postsy- 
naptically, where they decrease ascending spinal 
nociceptive transmission. There is also some evidence 
for supraspinal analgesic mechanisms; suppression 
of noradrenaline release in the locus coeruleus leads, 
via disinhibition of certain catecholaminergic nuclei in 
the pons, to increased release of noradrenaline from 


dorsal horn terminals and consequent activation of 
presynaptic and postsynaptic heteroreceptors (Ruiz- 
Ortega et al., 1995). 

Dexmedetomidine is one of the optical enantio- 
mers of medetomidine and has twice the potency. 
Qualitatively its effects are the same as those of 
medetomidine, and the two will be considered 
together. Medetomidine is in widespread clinical 
veterinary use as a sedative and as part of anaes- 
thetic combinations. Its use has traditionally been 
reserved for the healthy animal due to concerns with 
regard to unwanted cardiovascular effects. There is 
an emerging popularity and increased use of 
dexmedetomidine in human ICU practice. This, cou- 
pled with more detailed studies as to the effects of 
low doses of medetomidine in dogs and cats, has 
resulted in revived interest in its use as a sedative 
in the veterinary ICU. Low doses of medetomidine, 
5-20 g/kg, produce qualitatively similar cardiovas- 
cular changes which, in the dog, include a biphasic 
blood pressure response, bradycardia and increased 
systemic vascular resistance. Coronary blood flow 
is preserved in conscious dogs (Schmeling et al., 
1991). In anaesthetized patients, the effect is less 
clear, a coronary arterial vasocontrictive effect be- 
ing balanced by a high degree of local metabolic 
control. Cardiac output is reduced primarily, but not 
entirely, due to increased afterload and reduced rate, 
as contractility is preserved. Perfusion to vital organs 
is preserved, despite a reduction in cardiac output, 
due to peripheral vasoconstriction. At micro doses 
of 1-2 g/kg the cardiovascular effects of medeto- 
midine are, however, markedly reduced. These 
doses still result in effective sedation and some 
analgesia in most animals. In addition, these micro 
doses are highly effective in improving the quality 
of concomitantly administered sedatives. Micro- 
dose medetomidine has been shown to be as effec- 
tive as high-dose diazepam (0.4 mg/kg) in the re- 
duction of propofol requirement for sedation in dogs 
(Ko et al., 2006). 


Practical use 

Micro-dose medetomidine may be used as an infu- 
sion either alone or, more usefully, to reduce the 
dose of concurrently administered propofol required 
for sedation in animals without serious cardiovas- 
cular instability or hepatic compromise. A bolus of 
1-3 g/kg i.v. is given followed by infusion of propo- 
fol, starting 5-10 minutes later at a variable rate 
titrated to effect and starting at a propofol dose of 
10 ug/kg/min. The medetomidine bolus is repeated 
at approximately 90-minute intervals. Alternatively, 
where the equipment is available, an infusion of 
medetomidine at 1 ug/kg/h may be started instead 
of a bolus, and the propofol infusion started 10-15 
minutes later. Opioids have a semi-synergistic effect 
when combined with alpha-2 agonists. Receptors 
for both compounds occupy similar sites in the brain 
and on some neurons, and produce similar actions 
(membrane-associated G protein activation leading 
to neuronal hyperpolarization and a reduced re- 
sponse to excitatory input). This combination results 
in an improved quality and duration of analgesia. 
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Etomidate 


Advantages 


+ Minimal or no cardiovascular effects when used 
as a single bolus for induction of anaesthesia. 

* Inexpensive. 

+ Very short duration of activity with rapid smooth 
recovery. 


Disadvantages 


* Profound and potentially long-lasting suppression 
of adrenocortical activity occurs, which could be 
detrimental in patients with critical disease. The 
duration of suppression of adrenocortical activity 
is dose dependent, lasting a few hours at low doses. 
Recently, there have been calls for the withdrawal 
of etomidate from use in human ICU patients 
(Annane, 2005), although some controversy 
remains (Jackson and Ramos, 2006). It is difficult 
to recommend the use of etomidate in the ICU 
setting for all but a very limited group of patients. 
It may still have some use for the emergency 
induction of anaesthesia in critical patients. 

* Frequently causes pain and phlebitis on 
intravenous injection, owing to its high osmolarity. 

* Clonic seizure-like movements on induction. 

* Duration of anaesthesia is too short for most 
procedures and requires follow up by 
maintenance with a volatile or other injectable 
agent. High inspired concentrations or continuous 
infusions of another injectable drug are then 
required to maintain anaesthesia in the absence 
of residual hypnosis from an injectable agent. 


Properties and practical use 

Etomidate retains an indication for use in the critical 
patient either with significant ventricular dysrhythmia 
or primary myocardial failure that cannot be further 
stabilized prior to necessary anaesthesia. In this situa- 
tion, a dose of 0.05—0.2 mg/kg midazolam or diazepam 
(as emulsion) is given by intravenous bolus followed 
by 0.2-2.0 mg/kg etomidate as an intravenous bolus 
over 10-15 seconds. 


Ketamine 


Advantages 


+ Analgesia and sedation effects. 
* Minimal cardiovascular and respiratory 
depression in normal patients. 


Disadvantages 


+ Indirect sympathomimetic effects include an 
increase in heart rate, which may be detrimental 
in hypertrophic cardiomyopathy and ischaemic 
heart disease. 

* Produces increases in cerebral blood flow, 
causing increased intracranial pressure and 
should be avoided in patients with head trauma. 

* Cumulative and limited to 24 hours’ use. 

+ Renal elimination, therefore may have increased 
effects in patients with renal insufficiency. 
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Properties 

There is renewed interest in ketamine not only as an 
analgesic, but also as an adjunct to general anaes- 
thesia and as a sedative and analgesic in the ICU 
and post-trauma setting. Low doses of ketamine pro- 
duce minimal cardiovascular depression and there 
may even be some support of heart rate in healthy 
animals. In addition, ketamine reduces or limits the 
potentiation of nociceptive ‘wind up’ at the level of the 
spinal cord following injury (see Chapter 22). The ben- 
efit of an additional modality of analgesia and seda- 
tion in the ICU patient is tempered by the potential for 
psychomimetic adverse effects, such as dysphoria and 
vocalization. In veterinary species, dysphoria is a prob- 
lem when ketamine is administered alone. In the ICU 
setting, ketamine is used either as a repeated bolus 
or, ideally, as an infusion alongside either propofol or 
fentanyl. This ensures more profound and more stable 
sedation as well as additional analgesia. Ketamine is 
metabolized to an active metabolite (nor-ketamine) 
which requires renal elimination. Care should be taken 
in animals with renal or hepatic dysfunction as this 
may increase the effects and the rate of accumula- 
tion of the drug or its metabolites. Ketamine is cumu- 
lative and administration is limited to 24 hours at 
normal doses. 


Practical use 

When sedation and analgesia are required, ketamine 
is administered at a rate equivalent to 1-2 mg/kg/h in 
both dogs and cats. If ketamine is to be administered 
concurrently with propofol the rate may be similar, or 
may be reduced to 0.1—0.2 mg/kg/h, at which dose 
there is minimal additional sedation but provision of 
analgesia (Figure 21.3). 


Calculating the dose of ketamine required for a 
continuous rate infusion. 


21.3 


Acepromazine 
Advantages 


* Low doses can produce selective arteriolar 
vasodilation, thereby reducing afterload. This 
may improve cardiac output in some patients. 

* May protect the heart from the dysrhythmogenic 
effects of adrenaline. 

* Inexpensive. 
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Disadvantages 


* Hypotension may be seen in hypovolaemic 
patients or when higher doses (>0.03 mg/kg) 
are used. Hypotension may also be associated 
with an increase in vagal tone in some dog 
breeds. 

* Use of the drug in patients with a predisposition 
towards seizures (e.g. head trauma) is 
controversial. It is suggested that it may 
reduce the threshold at which seizures occur, 
although clinical evidence for this phenomenon 
is lacking. 

* Poor titratability. 


Properties and practical use 

Although an ‘old’ drug, acepromazine (ACP) has a 
role in sedation and premedication in the critical 
patient. Relative contraindications remain animals with 
hypovolaemia or reduced preload and possibly ani- 
mals with head trauma or a history of epileptiform 
seizures. Otherwise, renal disease, hepatic disease 
and even cardiac disease are not contraindications 
to use of a low dose of ACP (0.005-0.03 mg/kg i.m. 
or i.v.). The sedative effects at these low levels are 
less reliable but can be potentiated if necessary by 
combination with an opioid such as butorphanol (0.1 
mg/kg) or pethidine (3-5 mg/kg). In patients with car- 
diac disease, the selective arteriolar dilation and 
reduction in afterload may actually increase cardiac 
output. These low doses of ACP will have an effective 
duration of action of 1.5-2 hours, which should not 
be significantly prolonged even in the presence of 
hepatic disease. ACP is less useful compared to other 
agents regarding its flexibility of dosing (ceiling effect 
and increased hypotensive effects) and for long-term 
sedation where titration and flexibility are important. 


Volatile agents 

Sub-anaesthetic concentrations of volatile agents, 
such as isoflurane and more recently desflurane, have 
been successfully used for sedation in the human 
ICU (Kong and Willatts, 1995; Meiser et al., 2003). 
Their advantages are excellent titratability, minimal 
cardiovascular effects and smooth emergence. This 
technique is more applicable to patients on long- 
term ventilation and for practical reasons requires 
placement of an endotracheal tube. It has minimal 
application in current veterinary use for non-ventilated 
ICU patients. 


Induction of anaesthesia in the 
critical patient 


The aim of induction is to produce a smooth passage 
to the unconscious state with minimal compromise 
of ventilatory or cardiovascular function. Induction 
allows a secure patent airway to be obtained. Pre- 
oxygenation is recommended in all patients where 
possible, and is mandatory in patients with respira- 
tory compromise if it can be achieved without undue 
patient stress. This helps to reduce the desaturation 
associated with induction apnoea. To be effective, 


pre-oxygenation must be performed for a period of 
at least 5 minutes. High flows are indicated to maxi- 
mize FiO,. 


Mask induction 
Advantages 


¢ Permits provision of a high FiO,. 

* Obviates the need for the use of intravenous 
agents and their associated unwanted effects. 

+ Useful where protein binding or total protein is 
reduced, making estimation of the dose of 
usually heavily albumin-bound intravenous 
agents difficult. 


Disadvantages 


* Often stressful to the patient. 
* Does not allow rapid control of the patient's 
airway. 


Practical use 

Mask induction of anaesthesia is a practical option 
for debilitated patients with CNS depression and/or 
hypoproteinaemia, but who are not at immediate risk 
of airway collapse. The available volatile agent of 
choice is currently sevoflurane. Lack of airway irrita- 
tion, low solubility and hence rapid rate of rise of 
alveolar concentration (and therefore speed of induc- 
tion) coupled with a rapid smooth recovery are all prop- 
erties that favour use of this agent. For further 
information see the BSAVA Manual of Canine and 
Feline Anaesthesia and Analgesia. Nitrous oxide has 
traditionally been a useful adjunct to mask induction, 
as the second gas effect reduces induction time by 
hastening the uptake of the volatile agent. Use of 
nitrous oxide will, however, reduce the FO,. Use 
of sevoflurane probably negates the need for nitrous 
oxide in this situation. 

Mask induction should be avoided in: 


* Patients with upper airway obstruction 

* Patients at risk of regurgitation/reflux 

* Patients with severe dyspnoea and/or intrinsic 
pulmonary disease 

* Patients with reduced pulmonary blood flow 

e Patients with severe cardiovascular instability (a 
period of hypoxia may be significantly 
detrimental to already compromised tissue 
oxygen delivery). 


Use of drug combinations 

The agents most commonly used for induction of an- 
aesthesia in critical patients are propofol, ketamine 
and etomidate (see above). When anaesthesia is to 
be induced using these agents, the concurrent use of 
potent opioids and/or benzodiazepines allows the 
administration of lower doses of individual agents, 
thereby minimizing unwanted side effects. In severely 
debilitated patients, the combination of a benzodiaze- 
pine and a potent opioid such as fentanyl may be suf- 
ficient to allow endotracheal intubation. Suggested 
combinations are given in Figure 21.4. 
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Diazepam or midazolam 0.2 mg/kg i.v. followed 20 seconds 
later by fentanyl 5-10 ug/kg i.v. 


Midazolam 0.2 mg/kg i.v. + propofol to effect (1-5 mg/kg) 


Acepromazine 0.02 mg/kg + pethidine 2 mg/kg i.m. 
followed 30 minutes later by propofol to effect (1-5 mg/kg) 


Midazolam 0.2 mg/kg i.v. + ketamine 5 mg/kg 


Endotracheal intubation may be possible in many debilitated animals. When 
anaesthesia is insufficient add propofol to effect (1-2 mg/kg) to allow intubation 


Wait only 15-20 seconds until animal starts to show signs of midazolam efficacy. 
If propofol administration is delayed longer than 20 seconds, midazolam-induced 
dysphoria may occur, necessitating increased propofol dosing 


Produces short-term (5-10-minute) anaesthesia and will need to be followed by 
maintenance with a volatile agent 


( 21.4 | Suggested combinations of agents for effective induction of anaesthesia in the critical veterinary patient. 


Maintenance of anaesthesia 


Anaesthesia may be maintained by the use of intra- 
venous agents, volatile inhalational agents or a com- 
bination of the two. 


Intravenous infusions 

Anaesthesia may be maintained by intravenous infu- 
sion of a sole agent when the agent has suitable phar- 
macokinetics (e.g. propofol). Practically, production of 
a stable plane of anaesthesia is difficult in all but pro- 
longed procedures (e.g. positive pressure ventilation). 
In addition, infusion of propofol at a rate sufficient to 
maintain anaesthesia may be associated with un- 
wanted effects such as hypotension and vomiting. The 
use of adjuncts to anaesthesia in critical patients has 
found favour in both human and veterinary clinical 
practice. Suitable adjuncts include medetomidine 
and ketamine (see above) as well as rapid-onset, 
short-duration, highly potent opioids, such as fenta- 
nyl, combined with sedatives, such as midazolam. 
Such adjuncts reduce induction and maintenance 


Fentanyl 1-2 pg/kg i.v. bolus repeated every 15-20 minutes 
Fentanyl infusion 3-30 g/kg/h after initial bolus as above 


Ketamine 0.5-1 mg/kg repeated approximately every 
30 minutes 


Ketamine 0.1-0.2 mg/kg/h 
Medetomidine 1-3 pg/kg bolus 


requirements for propofol and result in a more stable 
anaesthetic plane. These drugs also provide profound 
analgesia and will usually ablate the patient's response 
to noxious surgical stimuli. Administration may be in 
response to signs occurring as a result of surgical 
stimulus (inferred from changes in cardiovascular 
parameters) or pre-emptively either by bolus or infu- 
sions. For suggested doses, see Figure 21.5. It should 
be noted that both ketamine and fentanyl at the doses 
suggested might produce ventilatory depression when 
used in an anaesthetized patient. Although this does 
not usually warrant use of IPPYV, facilities for assisted 
ventilation should be available. 


inhalational agents 

Volatile inhalational agents still form the mainstay of 
anaesthesia maintenance in critical patients. As 
with propofol infusion, combination with an adjunct, 
enabling reduction of inspired concentration, usually 
results in significant improvement of cardiovascular 
parameters, even when sevoflurane or isoflurane 
are used. 


Heart rate will fall initially and then return towards normal as the effect wanes. The 
dose may be repeated at this point. Some 
between doses). Ventilation rate wil fall but IPPV is rarely required at these doses 
Less tolerance seen than with intermittent boluses. Some reduction in heart and 
ventilation rate expected. 
ration ot intankon, Far canjs Sava a pane, aioe e-a ia 
patient's clinical condition 


pba a gr larson. prite mapka 
administration. Be epee 


tolerance may be seen (shorter time 


Cumulative effects can occur with long (>90 minutes) 


cB Suggested adjuncts to potentiate or prolong anaesthesia. 
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Isoflurane is considered to have several benefits 
over halothane, including: lack of sensitization of the 
heart to the dysrhythmogenic effects of adrenaline; 
reduced myocardial depression; reduced tendency to 
decrease mean arterial pressure (MAP) due to va- 
sodilation (which may be managed by fluid support); 
and less disruption of cerebral autoregulation. Re- 
cently the benefits of isoflurane for veterinary use have 
been shown to be more than theoretical, with a sig- 
nificant reduction in anaesthetic risk in patients anaes- 
thetized with isoflurane compared to halothane 
(Brodbelt et al., 2005). Isoflurane should, however, 
be used with caution in critically ill patients that have 
questionable intravascular volume status. The accom- 
panying vasodilation can produce significant de- 
creases in blood pressure which may be poorly 
responsive to the use of pressors. 

Sevoflurane is gaining popularity for general an- 
aesthesia due to a more rapid induction of anaesthe- 
sia (where an inhalational induction technique is used) 
and a modest reduction in recovery times (see the 
BSAVA Manual of Canine and Feline Anaesthesia and 
Analgesia). Its benefits above halothane are clear and 
similar to those of isoflurane. Currently there are in- 
sufficient studies describing the use of sevoflurane in 
critical patients to allow an informed opinion as to the 
advantages of its use. 


Local anaesthetic techniques 

A description of local anaesthetic techniques may be 
found in the BSAVA Manual of Canine and Feline 
Anaesthesia and Analgesia, and is outside the scope 
of this book. Local anaesthetic blocks may, like an- 
aesthetic adjuncts, be especially useful in the critical 
patient to reduce doses of general anaesthetics and 
hence cardiovascular suppression. Newer agents, 
such as ropivacaine and levo-bupivacaine, have fewer 
intrinsic unwanted cardiac effects and long duration 
of action, and should be considered as part of anaes- 
thesia in the critical patient when analgesia is required. 


Supporting the sedated/anaesthetized 
intensive care unit patient 


Specific considerations for monitoring during sedation 
and general anaesthesia of critical patients include car- 
diac rate and rhythm, respiratory status and fluid status. 


Cardiac rate and rhythm 

Use of a continuous waveform ECG to allow early de- 
tection of life-threatening dysrhythmias is strongly rec- 
ommended. Specific therapy of individual dysrhythmias 
is described in Chapter 6. It should be remembered 
that the presence of a normal cardiac rhythm does not 
necessarily indicate that cardiac output is normal. 


Fluid input, fluid loss and volume status 
The rate and type of fluid support must take into 
account: 


* Pre-existing cardiovascular function 

* Type and rate of ongoing fluid loss 

* Acid—base and electrolyte disturbances 

* Rate and volume of intraoperative blood loss. 


For normal intraoperative support, infusion of a bal- 
anced electrolyte solution with composition similar to 
that of extracellular fluid (e.g. lactated Ringer's solu- 
tion) at a rate of 5-10 mi/kg/h is adequate. If the patient 
is hypoproteinaemic or if blood losses exceed 10% of 
blood volume, infusion of colloids (gelatins, hetastarch 
or dextrans) may be indicated to maintain intravascu- 
lar volume (see Chapter 4). Acute severe blood losses 
(>15% of blood volume) or instances where the patient's 
PCV falls below 20% require the transfusion of fresh 
whole blood or packed red cells (see Chapter 14). Blood 
loss can be quantitatively evaluated by weighing swabs 
(1 ml of blood weighs 1.3 g) and by estimating losses 
from the suction reservoir if one is used. 


Tissue and organ perfusion 

Tissue perfusion can be assessed qualitatively by 
regular palpation of peripheral pulses and evaluation 
of mucous membrane colour and capillary refill time, 
although these are all notoriously subjective phenom- 
ena. Urine output is a valuable indicator of renal 
perfusion, and an indwelling catheter and closed col- 
lection system can be used throughout the peri- 
operative period to monitor output. Mean arterial 
pressure should be maintained above 60-70 mmHg 
to ensure perfusion of vital organs. 


Oxygenation and ventilation 


Pulse oximetry 

Pulse oximetry provides a continuous indication of the 
degree of saturation of arterial blood with oxygen. As 
accurate readings rely on the maintenance of periph- 
eral perfusion and blood flow, changes in the status of 
these parameters will adversely affect accuracy. Pulse 
oximetry therefore provides an indicator of the pres- 
ence of peripheral pulses and tissue perfusion, and an 
assessment of the patient's ability to oxygenate blood. 
It does not reflect arterial oxygen content or tissue oxy- 
gen delivery (see Chapter 7). False readings will be 
obtained in the presence of certain disease states, in- 
cluding carbon monoxide poisoning (smoke inhalation), 
methaemoglobinaemia (paracetamol poisoning) and 
conditions resulting in venous pulsatile flow (severe 
right-sided myocardial failure). Blood gas analysis rep- 
resents the ‘gold standard’ for respiratory function moni- 
toring, and more cost-effective machines are now 
becoming widely available. 


Capnography 

This is the most useful non-invasive estimation of the 
adequacy of ventilatory function in both the conscious 
and the anaesthetized animal. Measurement of expired 
carbon dioxide also provides an indication of the 
adequacy of cardiac output, and therefore estimations 
of ventilatory function based on capnography should 
be made in the light of cardiac functional status. The 
rapid response time of the capnogram is of use in alert- 
ing the anaesthetist to potential disasters, including: 


Cardiopulmonary arrest 

Patient disconnection from the breathing system 
Unrecognized oesophageal intubation 

Venous air embolism. 
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For the intubated patient, both mainstream and 
sidestream capnographs are available. Capnography 
may be performed in the sedated but unintubated 
veterinary patient using a sidestream analyser. A soft 
plastic, paediatric nasal oxygen administration set is 
easily held in place behind the animal's head (Figure 
21.6). This is well tolerated by the animal, provides 
breath-by-breath information, and is the most accu- 
rate assessment of the effects of sedation on 
ventilatory function in the absence of blood gas analy- 


sis (see Chapter 7). 


An intranasal 
cannula for 
administration of 
m oxygen may also 
be used for 
sampling expired 
carbon dioxide for 
analysis by 
sidestream 
capnography in 
the conscious 
patient 


Body temperature 

Maintenance of an adequate body temperature is 
mandatory to prevent a prolonged recovery and 
its attendant complications. Many critically ill patients 
rely heavily on ambient temperature to maintain core 
body temperature. Drugs involved in sedation and 
anaesthesia disrupt normal thermoregulatory mecha- 
nisms, and the respiration of cold dry gases signifi- 
cantly contributes to intraoperative heat loss, as 
do evaporative losses from exposed organs and tis- 
sues during major surgery. In the postoperative 
phase, muscle activity such as shivering increases 
endogenous heat production at the expense of an 
increased oxygen demand, which may not be toler- 
ated by a compromised patient. Hypothermia pro- 
duces a plethora of adverse effects that may be 
more significant in the critical patient (Figure 21.7). 
One of the most effective means of maintaining 
body temperature in the recumbent patient, the ICU 
patient or anaesthetized animals is the use of a hot 
air blanket (Bair Hugger). The advantages of hot air 
blankets include: 


* Disposable blankets of variable sizes which are 
appropriate to veterinary patients 

* Safe use without the possibility of burns or 
scalds 

* Safety in the presence of electrical equipment 

* They are also highly effective and well tolerated 
by the animal (Figure 21.8). 
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Peripheral vasoconstriction and increased vascular resistance 
Increased coagulability 

Predisposition to dysrhythmias 

Reduction in cerebral blood flow 

Reduced effectiveness of analgesics 

Derangements in substrate metabolism 

Reduced ventilation and elimination of volatile agents 


Warm air blanket 

Use of rebreathing systems (promotes inspiration of warm moist 
gases) 

Use of heat and moisture exchangers (artificial nose) 

High ambient temperatures in the operating theatre and recovery 
area 

Patient insulation (e.g. foil wrap, water beds) 

Avoidance of excessive preparation of surgical site 

Expedient surgery 

Warmed intravenous fluids 

Postsurgical use of warmed isotonic enemas and urinary bladder 
lavage 


Adverse effects of hypothermia and methods 
E of supporting body temperature 


| 21.8 | A Bair Hugger warm air blanket system. A safe 
and highly effective way of maintaining 
normothermia in both anaesthetized and debilitated 
animals 


Recovery from anaesthesia 

The transitional phase from anaesthesia to recovery 
is critical and associated with high risk. When 
possible, support in terms of inspired oxygen, moni- 
toring, intravenous fluids, body temperature manage- 
ment, analgesia and careful observation must 
continue until the additional effects of the anaesthetic 
agents are minimal. 
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Analgesia in the critical patient 


Daniel Holden 


Introduction 


Pain is commonly identified in patients with critical ill- 
ness. Conditions such as trauma, ischaemia, throm- 
bosis, inflammation and ileus are all associated with 
pain, and many diagnostic and therapeutic procedures 
necessary in critically ill patients can cause pain or 
discomfort. Pre-existing chronic pain may worsen in 
the face of critical illness or injury. Both physiological 
and emotional stress can contribute to pain, but may 
also mask its clinical signs. It should be remembered 
that non-pharmacological management of pain plays 
a significant role in minimizing discomfort and distress 
in patients with severe disease or injury. 


Recognition of pain 


Responses to pain vary between species, breeds and 
individual animals. In debilitated, obtunded or heavily 
sedated patients, normal behavioural responses to 
nociceptive stimuli may be decreased or absent. Se- 
vere central nervous system (CNS) disease or seda- 
tion may limit ability to vocalize (more common as a 
sign of pain in dogs than in cats), and major trauma or 
weakness may limit movement responses. It has been 
hypothesized that some animals adopt a near-catatonic 
state in response to repeated or incessant pain. This 
may be misinterpreted as meaning that the animal is 
not in pain, with subsequent failure to provide analge- 
sia when it is most needed. It may also be difficult to 
separate signs of pain from signs of the patient's un- 
derlying disease. Heart rate is an unreliable index of 
postoperative pain, and respiratory rate may be ele- 
vated by such factors as hypoxia, pyrexia, hyperther- 
mia, or acid-base disturbances. If it is unclear whether 
an animal is experiencing pain, it is generally better to 
assume that it might be and to administer analgesia. 
Response to analgesic medications should be noted 
carefully to help guide further treatment decisions. 

Left unmanaged, pain will have several clinically 
significant consequences: 


+ Reduced food intake will result in a negative 
protein—energy balance, resulting in weight loss, 
weakness and effects on wound healing 

* Thoracic or cranial abdominal pain may result in 
hypoventilation and failure to expectorate 

* Reduced patient movement may contribute to 
hypostasis, oedema, urinary and faecal retention 
and possibly vascular thrombosis 
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+ Neuroendocrine stress responses may place 
increased demands on the cardiovascular and 
respiratory systems 

* Prolonged stress responses to pain may 
precipitate immune dysfunction. 


Management of pain 


Nursing management 

Although drugs form the mainstay of pain manage- 
ment in critical illness, the importance of constant and 
compassionate nursing care cannot be overempha- 
sized. Regular contact, stroking and grooming not 
associated with clinical procedures will reassure ner- 
vous patients. Toys or blankets from home will pro- 
vide familiar smells, and owner visits should be 
encouraged wherever possible. Cats should be pro- 
vided with ample bedding or boxes in which to hide. 
Regular passive movement exercises and physio- 
therapy will assist in musculoskeletal blood flow and 
improve limb mobilization. Regular gentle cleaning of 
the nose, lips and oral mucosa with damp swabs pre- 
vents the build-up of secretions. Patients should be 
checked regularly to ensure that both skin and bed- 
ding are clean and dry. 


Drug therapy 

Analgesic therapy may be targeted at any of the main 
elements of the nociception pathways from peripheral 
receptors to the conscious perception of pain. A de- 
tailed discussion of the clinical pharmacology of acute 
pain is beyond the scope of this chapter, however most 
analgesic drugs act at one of the following levels: 


* Stimulation and transduction at the level of 
peripheral nociceptors 

* Transmission from the periphery to the dorsal 
horn of the spinal cord or cranial nerve nuclei 

+ Modulation within the spinal cord pathways 

e Perception within the cerebrum. 


Combination therapy (i.e. using more than one 
agent to target different elements of the nociceptive 
pathway) has many advantages. Not only will the an- 
algesic effects be at least additive, but the combina- 
tion or combinations may also allow reduction in doses 
of the agents used (so-called ‘balanced analgesia’), 
thereby helping to reduce the frequency and severity 
of any unwanted side effects. 


The main pharmacological classes of agents to 
consider are: 
Opioids 
Non-steroidal anti-inflammatory drugs (NSAIDs) 
Alpha-2 agonists 
Ketamine 
Nitrous oxide 
Local analgesics 
Other agents. 


Opioids 

Opioids are undeniably the drugs of choice for man- 
aging moderate to severe pain in dogs and cats. In 
humans, they reduce both the conscious sensation 
of pain and associated anxiety. Opioids may also 
mediate analgesia locally within damaged tissue. 
Opioid drugs fall under either Schedule II (pure 
agonists) or Schedule III (partial agonists) of the Mis- 
use of Drugs Act 1971. 

Of major importance to the intensive care and emer- 
gency clinician are the concurrent effects of any an- 
algesic drug on cardiovascular and respiratory function. 
The cardiovascular effects of opioids depend on the 
species, the specific drug and the route of administra- 
tion. Centrally mediated bradycardia may occur but is 
not usually clinically significant in patients that are al- 
ready in pain, unless potent opioids such as fentanyl 
and its derivatives are given intravenously. Bradycar- 
dia associated with opioid administration in cats is more 
likely to result from an indirect calming effect. Hypo- 
tension may result from bradycardia and may also 
occur following rapid intravenous administration of mor- 
phine and pethidine (much more severely with the lat- 
ter), probably as a result of histamine release. 

Opioid-associated respiratory depression occurs 
as a result of reduced sensitivity of the respiratory 
centre to carbon dioxide. In contrast to humans, clini- 
cally significant respiratory depression is extremely 
uncommon in small animals unless potent opioids are 
used intraoperatively. Hypoventilation as a result of 
thoracic wall pain may, in fact, be improved by opioid 
analgesia. In contrast, exacerbation of respiratory 
depression by opioids in patients with hypoventilation 
following head injury may increase the risk of intra- 
cranial hypertension (developing as a result of car- 
bon dioxide-induced cerebral vasodilation). Severely 
obtunded or comatose patients should probably not 
receive opioids until ventilation and/or intracranial 
pressure are controlled. 

Much controversy exists over the clinical use of 
opioids in the management of pancreatic pain. Ex- 
perimental studies have documented increases in 
pressure in the pancreatic ducts associated with 
the administration of morphine, methadone, fentanyl 
and also pethidine, a drug which has been credited 
with spasmolytic properties. However, the clinical 
significance of this effect is not clear and the author 
is not aware of any clinical studies in animals that 
demonstrate exacerbation of pancreatitis following 
administration of these drugs. If the clinician is con- 
cerned, buprenorphine may be preferred due to its 
minimal effect on ductal pressure; alternatively 
opioids may be given epidurally or other agents (e.g. 
ketamine) considered. 
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Morphine: Morphine is a powerful analgesic, which, 
despite its lack of a veterinary licence in the UK, is 
widely utilized due to its considerable efficacy and reli- 
ability. Systemic administration at doses of 0.1-0.4 
mg/kg s.c. or i.m. produces analgesia of approximately 
4 hours’ duration. The duration of effect probably 
depends on both the dose used and the severity of 
the painful stimulus. Morphine is also effective orally 
(despite significant first-pass metabolism) and rectally. 
The time to onset of action is usually 5-10 minutes, 
even after intravenous injection. Analgesia is dose- 
dependent and doses higher than those recommended 
above may be required; in severe pain in dogs the 
author has occasionally needed to use morphine at 
doses as high as 4-5 mg/kg, titrated slowly up to a 
desired clinical effect. The poor lipid solubility of mor- 
phine makes it suitable for prolonged analgesia (up to 
24 hours) when used epidurally. For the epidural route, 
the preservative-free preparation should be used at 
0.1 mg/kg. Cats do not metabolize morphine as rapidly 
as dogs and a dosing interval of 4—6 hours is probably 
appropriate in this species. Vomiting seen after the use 
of morphine for premedication in healthy patients is 
much less common in painful critically ill patients. The 
incidence of vomiting can also be reduced by diluting 
the drug in saline and administering it slowly by the 
intravenous route. 


Pethidine (meperidine): Pethidine is the only mu 
receptor agonist licensed as a sole agent for veteri- 
nary use in the UK. It is less potent than morphine but 
its onset of action is rapid, making it a potentially good 
choice for acute use in trauma. The duration of action 
is short, at 90—120 minutes, depending somewhat on 
the dose (2-5 mg/kg i.m.). 


Fentanyl: Fentanyl is a very potent mu agonist, ap- 
proximately 50 times more effective than morphine, 
but with a rapid onset and short duration of action. It 
is used primarily for intraoperative analgesia as part 
of a balanced anaesthetic protocol. Standard doses 
(5-20 g/kg boluses i.v.) produce profound respira- 
tory depression or apnoea in anaesthetized patients; 
provision for intermittent positive pressure ventilation 
(IPPV) must therefore be available. The short dura- 
tion of action is mainly due to redistribution rather than 
elimination, therefore there is a risk of cumulative or 
prolonged respiratory depressant effects. Large doses 
may produce a profound bradycardia. Fentanyl may 
be used as a constant rate infusion (CRI) at 0.1—-0.4 
ug/kg/min in critically ill postoperative patients. 
Patients receiving a fentanyl CRI must be closely 
monitored (heart rate, blood pressure, respiratory rate) 
and facilities for IPPV must be available, however the 
level of analgesia can be titrated easily. 

Fentanyl is also available as a transdermal patch 
(Durogesic®) intended for use in human patients suf- 
fering from chronic pain. The onset of analgesia is 
slow (up to 12 hours) but the patches can provide 
effective pain relief for up to 72 hours. All Schedule II 
regulations still apply. Recommended patch sizes are 
shown in Figure 22.1. Small dogs and cats may be 
dosed with a half patch, however the patch should 
not be cut in half; instead half the gel membrane 
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s Te = -e posi De tg TSS 
D Recommended size of fentanyl patch for use 
in small animal patients. 


should be covered with tape before the patch is ap- 
plied. ‘Half-patch dosing’ is suggested for paediatric, 
geriatric and systemically ill cats and small dogs. 

The patch may be placed either on the dorsal or 
lateral cervical area or the lateral thorax. If the neck is 
used, collars/leashes should not be placed over the 
patch. The thorax is an easy site to use and skin con- 
tact is maximized (especially in cats), but it can be dif- 
ficult to bandage securely. Patches should NOT be 
placed at any site which may come into contact with a 
heating pad as this may increase the release of drug 
from the patch. The site should be closely clipped with 
at least a 1 cm margin around the patch. It should not 
be shaved because cuts, abrasions or wounds can al- 
ter drug absorption. After clipping, the site should be 
wiped with a damp swab to remove small hairs and 
skin debris; it should not be scrubbed or surgically pre- 
pared. The skin should be allowed to dry completely 
before application of the patch. The occlusive mem- 
brane is then removed from the patch, taking care not 
to expose the applier’s skin to the gel surface. The patch 
is placed on the clipped area and held in place for 2-3 
minutes to ensure adherence. A slightly padded band- 
age or transparent dressing is used with medical ad- 
hesive spray to assure adherence and to keep the patch 
dry. It should be checked every few hours to ensure 
proper placement and adherence. It is important that 
used patches are disposed of in a safe and effective 
manner and the disposal date and method are re- 
corded. All patients wearing patches should have heart 
and respiratory rates monitored regularly. 


Buprenorphine: Buprenorphine is classified as a par- 
tial agonist at mu opioid receptors, although partial ago- 
nist effects are probably not significant at doses currently 
used Clinically (20—40 ug/kg i.v. or i.m. q6-8h). The drug 
has a slow onset of action (30—40 minutes for maximal 
receptor binding), which limits its usefulness in the acute 
setting, but duration of analgesia is good (6-8 hours) 
and analgesic potency in cats is comparable with that 
of morphine. Injectable buprenorphine can be admin- 
istered orally in cats to provide analgesia at similar 
doses to those used parenterally. 


Butorphanol: Butorphanol is a mu receptor antagon- 
ist and a kappa agonist. It possesses excellent 
sedative properties, particularly as part of a neurolept- 
analgesic combination, but its analgesic benefits are 
controversial and the author cannot currently recom- 
mend the drug for use as a ‘front-line’ analgesic. Its 
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effects are short in duration (<90 minutes). Butorphanol 
provides better visceral analgesia than somatic 
analgesia and its use should probably be limited to 
patients with acute visceral pain (enteritis, cystitis). 


Non-steroidal anti-inflammatory drugs 

NSAIDs are potent analgesics and provide significant 
opioid-sparing effects in both human and animal spe- 
cies. Analgesic efficacy is relatively uniform, and there 
is little to choose between the currently available 
agents in the UK in this regard. NSAIDs are capable 
of providing analgesia for up to 24 hours following a 
single administration. As such they play an important 
role in perioperative and acute analgesia. 

NSAIDs act by inhibition of cyclo-oxygenase (COX) 
and in some instances 5-lipoxygenase. Different 
isoforms of COX exist, and the extent to which differ- 
ent forms are expressed varies between species; con- 
sequently safety and efficacy of a particular NSAID in 
one species cannot be assumed in another. Concerns 
over toxicity have, until recently, limited use of NSAIDs 
in cats. Rational use of NSAIDs has also been hamp- 
ered by over-simplification of the COX-1/COX-2 re- 
lationship. Constitutive forms of COX-2 are recognized 
in cats although their significance remains to be fully 
elucidated, and pharmacokinetic data for these drugs 
in cats need to be established. Cats display much 
slower metabolism of many NSAIDs, resulting in 
longer half-lives and necessitating longer dosing 
intervals. Newer NSAIDs, such as carprofen and 
meloxicam, have been subjected to perioperative use 
studies and compare favourably with opioids. 

NSAIDs produce potent anti-inflammatory, anti- 
pyretic and anti-endotoxic effects. However, the effects 
on COX isoforms may also mean that critically ill and 
hypotensive patients are at greater risk of developing 
side effects such as gastrointestinal irritation, ulcera- 
tion and haemorrhage, and renal tubular injury. NSAIDs 
should generally be avoided in the following groups: 


e Patients with current or recent haemodynamic 
instability 

* Patients with gastrointestinal ulcerative disease 

* Patients with acute or chronic renal failure 

« Patients with haemostatic disorders or those 
receiving anticoagulants 

* Patients receiving corticosteroids. 


Carprofen: Carprofen is licensed in the UK in dogs 
for acute and chronic use and in cats for a single 
perioperative dose of 4 mg/kg. Reports of toxicity do 
exist; these are largely related to coexistent problems 
and prolonged usage. Idiosyncratic hepatotoxicity has 
been reported in dogs. Repeat administration in cats 
is hampered by the very variable kinetics noted in this 
species. Carprofen is a weak COX inhibitor, and its 
exact mechanisms of action are uncertain at present. 


Meloxicam: Meloxicam is a COX-2 preferential NSAID 
licensed in the UK for perioperative use in the dog and 
cat as a single injectable dose of 0.2 mg/kg (dog) and 
0.3 mg/kg (cat). Duration and intensity of analgesia are 
similar to those of carprofen. Considerable data exist 
to support successful longer-term ‘off-label’ use in cats 
via the oral route. The liquid preparation greatly 


facilitates administration in cats. Doses as low as one 
drop per cat per day have been used successfully. 


Others: Other NSAIDs, such as ketoprofen, deracoxib, 
tepoxalin and tolfenamic acid, have undergone phar- 
macodynamic studies and have demonstrated similar 
analgesic efficacy in healthy patients. Anecdotal evi- 
dence suggests side effects are more likely with these 
agents than with carprofen or meloxicam. To date no 
studies of the efficacy of such drugs in critically ill or 
hypotensive patients exist. Older NSAIDs, such as 
aspirin, have little current use as analgesics due to their 
low safety margin. Other agents, such as paracetamol 
(a useful analgesic in dogs) and ibuprofen, are too toxic 
for routine use in cats. 


Alpha-2 agonists 

Medetomidine and, less commonly, xylazine are the 
most frequently used drugs in this category. These 
drugs have marked sedative and anaesthetic- 
sparing properties, as well as providing analgesia 
mediated via receptors located centrally and in the 
dorsal horn of the spinal cord. The cardiovascular and 
respiratory effects of these drugs are well known (see 
Chapter 21), and although often well tolerated in fit 
healthy patients, they are potentially hazardous in 
unstable or critically ill dogs or cats. 

Low doses of medetomidine (0.5-2 ug/kg) may 
prove useful to provide additional sedation and an- 
algesia in patients pretreated with an opioid. 
Medetomidine can also be used perioperatively to 
provide additional analgesia and sedation at infusion 
rates of 1—3 ug/kg/h. Mild bradycardia and peripheral 
vasoconstriction may develop, but in haemodynami- 
cally stable patients this is rarely significant. 


Ketamine 

Ketamine has enjoyed long-term use as an induction 
agent, especially in ‘field’ procedures and in unstable 
patients. More recently interest in its use in the intensive 
care unit (ICU) setting has increased. Ketamine acts 
as a non-competitive antagonist at NMDA (N-methyl- 
D-aspartate) receptors in the spinal cord. These 
receptors play a central role in the post-injury facilita- 
tion of nociception that occurs in the cord. This forms 
the basis of ‘wind-up’ and perception of pain at lower 
thresholds and intensities. Ketamine may therefore con- 
tribute significantly to longer-term postoperative an- 
algesia as well as that experienced perioperatively. 

Cardiovascular and respiratory side effects are mini- 
mal in healthy patients but may be more pronounced 
in patients already experiencing maximal sympathetic 
stimulation. Use of the drug at lower doses to provide 
analgesia is, however, a valuable strategy that creates 
minimal side effects. Infusions of 1-2 mg/kg/h i.v. com- 
bined with other sedatives and analgesics are extremely 
useful up to 24 hours postoperatively. Lower doses 
(0.2 mg/kg/h) minimize the risk of central effects. 
Ketamine appears to be particularly useful for surface 
and soft tissue pain in humans. 

Ketamine is metabolized to an active metabolite 
(nor-ketamine), which requires elimination by the kid- 
ney. Care should be taken in animals with renal or 
hepatic dysfunction as this may increase the effects 
and rate of accumulation of the drug or its metabolites. 
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Ketamine has indirect sympathomimetic effects 
which include an increase in heart rate. This may be 
detrimental in patients with hypertrophic cardiomyopathy 
or ischaemic heart disease. Its use in patients with head 
trauma is controversial, as it may produce increases in 
cerebral blood flow, causing increases in intracranial 
pressure, although some experimental studies suggest 
that ketamine may have neuroprotective properties. 

Other NMDA antagonists, such as amantidine, 
dextromethorphan and memantine, have been used 
to manage chronic pain in both dogs and cats. 


Nitrous oxide 

Due to its gaseous nature and very short duration of 
analgesic effect, the use of nitrous oxide is limited to 
the intraoperative period. The mode of analgesic 
action is uncertain; both NMDA antagonist and alpha- 
2 agonist effects have been postulated. Nitrous oxide 
has significant volatile agent-sparing properties in 
dogs and cats, but concerns relating to occupational 
exposure of personnel to nitrous oxide have led to a 
decline in its use. Its use also necessitates a reduc- 
tion in fractional inspired oxygen concentration (FO.) 
during anaesthesia, which may not be well tolerated 
by patients prone to hypoxia. 


Local analgesic agents 

Local analgesics are among the most versatile and 
useful agents at the ICU clinician's disposal. They may 
be used topically, locally or to provide analgesia of 
specific anatomical regions using peripheral nerve 
blockade or administration into the epidural or sub- 
arachnoid spaces. Systemic intravenous use of lido- 
caine can also provide significant analgesic benefits. 

Lidocaine, prilocaine and proxymetacaine are all 
used topically for placement of various tubes and cath- 
eters (e.g. nasal, urinary) in critical patients. For place- 
ment of intravenous catheters, topical application of 
EMLA (eutectic mixture of local anaesthetics) cream, 
a 50:50 mixture of prilocaine and lidocaine, may prove 
useful. The cream should not be rubbed in and should 
be covered with a waterproof dressing for 40—45 min- 
utes prior to the procedure to allow it to have its maxi- 
mum effect. 

Lidocaine is the most useful drug for local infiltra- 
tion prior to tube placement, catheterization cut-down 
and similar procedures. Pain on injection can be mini- 
mized by warming the solution prior to use, and by 
the addition of 8.4% (1 mEq/ml) sodium bicarbonate 
at a ratio of 9:1 lidocaine:bicarbonate by volume. The 
time to onset of effect is usually 5-10 minutes. 

Local nerve blockade may also be performed us- 
ing lidocaine, but longer duration of action will be pro- 
vided by bupivicaine 0.5% or ropivicaine 0.25%. These 
agents have a slower onset time (20-30 minutes) but 
a longer duration of effect (4—6 hours versus 1 hour 
for lidocaine). Administration of equal volumes of either 
drug with lidocaine will decrease latency. 


Intravenous use: Lidocaine has well documented 
anaesthetic-sparing properties when used intra- 
venously. It can be used alone or as part of a multiple 
drug infusion at doses of 0.5-2 mg/kg/h in dogs; how- 
ever its use in critically ill cats is probably best avoided. 
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Lidocaine also possesses significant antioxidant and 
free radical scavenging properties which are poten- 
tially useful but not well understood at present. 


Other analgesic drugs 

Gabapentin is an anticonvulsant drug that has been 
used extensively for the management of chronic 
neuropathic pain in humans and small animals. Much 
anecdotal evidence exists to support its use, despite 
the mechanism of action remaining unclear. The re- 
ported dose is 3 mg/kg once daily. 

Tramadol is often classed as an opioid, although 
it also has serotoninergic and monoaminergic prop- 
erties. Numerous side effects have been reported in 
humans, but its use is increasing in dogs and anec- 
dotal reports exist of its use in the cat. Reported doses 
are 1—4 mg/kg q8—12h. 

Tricyclic antidepressants such as amitriptyline, 
imipramine and clomipramine have all been used to 
a greater or lesser extent in dogs and cats. Amitriptyl- 
ine in particular has been used extensively in the 
management of feline idiopathic cystitis with promis- 
ing results and few documented side effects with long- 
term usage. 


Epidural analgesia 

Use of the epidural route for administration of analge- 
sic and local anaesthetic agents has increased in re- 
cent years as its benefits have become better 
recognized. The technique is particularly beneficial in 
animals with severe pain caudal to the diaphragm (e.g. 
peritonitis, pancreatitis, or severe trauma to the pel- 
vic limbs) or for patients in which sedation or other 
central effects of systemic analgesia are undesirable. 
Depending on the agent and technique used, it is 
possible to achieve complete caudal anaesthesia with 
no loss of consciousness and to provide intense an- 
algesia with minimal effects on motor function. This 
technique is therefore a valuable adjunct to general 
anaesthesia for surgery, as well as a useful method 
for providing analgesia in many critically ill patients. 
The benefits for the critically ill patient may go be- 
yond the efficacy of the technique. 


Drugs used for epidural administration 
The most common agents used epidurally are: 


* Opioids (most often morphine) 
* Local analgesics 
* Alpha-2 agonists. 


Single preoperative injections of opioids may be 
usefully employed to provide a degree of postopera- 
tive analgesia for 12-24 hours following injection. If 
a longer duration of action is desired, insertion of an 
epidural catheter allows repeated or constant infu- 
sion of drug into the epidural space for several days. 
Morphine is the opioid used most commonly, as its 
low lipid solubility ensures analgesia at much lower 
concentrations than are needed in plasma, as well 
as prolonged effects and good distribution in the 
epidural space. More lipid-soluble agents (e.g. 
buprenorphine, fentanyl) provide more local and 
shorter-acting effects. 
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Local analgesics block small unmyelinated C and 
A-delta fibres (responsible for nociceptive transmis- 
sion) much more effectively than the larger-diameter 
motor fibres. Typically, autonomic blockade is more 
widespread than sensory blockade, which in turn is 
greater than motor blockade. Autonomic blockade may 
occur when sympathetic nerve roots in the thoraco- 
lumbar (T1—L3) region are affected; this will reduce 
the neuroendocrine stress response to anaesthesia 
but may precipitate hypotension due to splanchnic 
vasodilation. Sympathetic blockade should be avoided 
at all costs and may increase morbidity and mortality 
in some critically ill patients. Ropivicaine produces less 
motor blockade than bupivicaine. 

Doses of local analgesics for epidural use are: 


* Lidocaine: 4 mg/kg (onset 5 minutes; duration 
50-90 minutes) 

* Bupivacaine: 1 mg/kg (onset 20 minutes; 
duration 120-360 minutes) 

* Ropivacaine: 1 mg/kg (onset 7—20 minutes; 
duration 115-140 minutes). 


Alpha-2 agonists may produce significant systemic 
effects (sedation, bradycardia) when given epidurally, 
despite producing useful analgesia. These drugs may 
therefore be poorly tolerated in unstable patients. 
Medetomidine may be administered epidurally at 
2-10 g/kg q4-8h. The technique for epidural injec- 
tion is described in Figure 22.2 and illustrated in 
Figure 22.3. 


1. The most common injection site used is the lumbosacral space. 
The dural sac terminates in most dogs at L6, but in cats the 
dural sac extends to S2 therefore inadvertent subdural injection 
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22.2 Technique for epidural injection. (continues) > 


8. Injection of the drug should then follow slowly over 60 seconds. 
If unilateral effects are desired, placing the patient with the 
affected side down will assist with this to some extent. 

9. Catheters may be placed epidurally to permit repeat injection or 
infusion of drugs. The technique is as previously 
except that a Tuohy (Figure 22.3c) or directional needle is used. 
The pre-measured catheter (inserted one to two vertebrae 


for up to 2 weeks. The injection site should be evaluated twice 
daily for swelling or discharge. 


| 22.2 | (continued) Technique for epidural injection. 


(223) Anatomical landmarks 
for performing lumbo- 
sacral epidural anaesthesia and 
analgesia in dogs. (a) Dorsal 
view. (b) Lateral view. The 
lumbosacral space can be found 
caudal to a line drawn between 
the cranial borders of the ilia 
(marked with a dotted line). 

(c) Tuohy needle with epidural 
catheter; note the blunt curved 
end to the needle facilitating safe 
feeding of the catheter into the 
epidural space. (a,b Reproduced 
from BSAVA Manual of Canine 
and Feline Anaesthesia and 
Analgesia, 2nd edition; 

c, courtesy of L. Pelligand, 

Royal Veterinary College) 
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Complications of epidural analgesia 

Complications arising from epidural analgesia may be 

due to the drugs used or to the procedure itself. 
Complications of injection include: 


Failed technique 

Haemorrhage and haematoma formation 
Introduction of infection 

Excessive cranial spread of drug. 


Excessive cranial spread of local analgesics within 
the epidural space may lead to hypotension and hypo- 
ventilation, as a result of splanchnic sympathetic block- 
ade and respiratory muscle paralysis. Patients with 
this complication may require ventilatory and haemo- 
dynamic support, using vasoactive agents if neces- 
sary. Inadvertent intravascular injection may cause 
CNS excitation, seizures and ultimately cardiotoxic 
effects (more likely with bupivicaine than ropivicaine 
or lidocaine). Aggressive management of seizures with 
anticonvulsants is recommended. Prolonged cardiac 
support may be necessary. 

Complications of epidural opioid injection in humans 
typically include pruritus, delayed respiratory depres- 
sion and urinary retention, although these effects are 
uncommon in dogs and cats. All preparations contain- 
ing preservatives should ideally be avoided. 

Contraindications to epidural analgesia include: 


* Presence of bleeding disorders or receipt of 
anticoagulant drugs 

+ Severe hypotension or hypovolaemia 

* Presence of infection (systemic sepsis or at the 
site of injection) 

e Disruption of the normal anatomy, as this may 
complicate accurate injection. 


Multiple drug constant rate infusions for 
perioperative analgesia 

Many analgesics may be added to intravenous fluids 
for ease of administration and practice of multimodal 
analgesia. The dose rate is easily controlled and ti- 
trated and can be incorporated into the patient's cur- 
rent fluid regime. Analgesic drugs may be added to a 
separate bag of maintenance solution (e.g. glucose— 
saline) that is to be given at a slow unchanged rate. 
This fluid may be ‘piggy-backed’ on to the patient's 
other replacement fluid therapy. The most common 
analgesic drugs used in this way are shown in Figure 
22.4. They may be used as sole agents or combined 
to increase the analgesic effect. The drug infusion may 
be delivered via a burette intravenous set so that, if 
reformulation is necessary, an entire bag is not wasted. 
When using this method of administration of analge- 
sia, care must be taken to ensure that the fluid ad- 
ministration rate is accurate, as inadvertent overdosing 
or underdosing may result from incorrect fluid flow 
rates. Therefore, these drug infusions are ideally ad- 
ministered using a fluid infusion pump or syringe 
pump. A volume of fluid equivalent to the volume of 
additives should be removed from the bag prior to 
addition of the analgesics to prevent excessive dilu- 
tion and to allow calculation of an accurate drug con- 
centration and infusion rate. 
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Nutritional support of the 


critical patient 


Karyl J. Hurley and Kathryn E. Michel 


Introduction 


The provision of nutritional support to critical small 
animal patients is often postponed while the priorities 
of patient evaluation and stabilization are underway. 
However, studies in human clinical patients and ex- 
perimental animal models demonstrate the benefits 
of early nutritional intervention, which include en- 
hanced immune function, wound repair and response 
to therapy, more rapid recovery time and improved 
survival (Heyland, 1998). Once major fluid and elec- 
trolyte deficits have been addressed and the patient 
is haemodynamically stable, the clinician should con- 
sider whether nutritional support is indicated as part 
of the patient's treatment programme. After all, the 
goal of supporting cardiopulmonary function and vas- 
cular perfusion is to ensure adequate tissue oxygena- 
tion. The reason tissues require oxygen is to generate 
energy efficiently from the metabolism of nutrients. 

This chapter provides an overview of the potential 
benefits of nutritional support for the critical patient; 
demonstrates how to assess whether a patient should 
be considered a candidate for nutritional support; 
illustrates methods of providing nutrition to patients 
unable or unwilling to nourish themselves and sug- 
gests methods for monitoring these patients to avoid 
or address complications. 


Rationale for nutritional support 


Any fasting animal must rely on its endogenous en- 
ergy and nutrient stores until it is able to nourish itself 
again. A healthy animal deprived of food undergoes 
metabolic adaptations that improve its chances of 
survival by limiting the extent of tissue catabolism. The 
most critical of these adaptations are the ones that 
act to preserve endogenous proteins. Carbohydrate, 
fat and protein can all be utilized as sources of en- 
ergy. Carbohydrate energy reserves are stored as gly- 
cogen in liver and muscle tissue, and fat is stored as 
triglycerides in adipose tissue. There are, however, 
no storage forms of protein. All endogenous proteins 
serve some functional purpose as structural proteins, 
enzymes, carrier proteins and so forth. 

When an animal is deprived of food, glycogen is 
broken down to maintain blood glucose levels. Once 
the glycogen reserves have been depleted (within 
24—48 hours) glucose must be synthesized from 
lactate, glycerol and certain amino acids in order to 


provide fuel for those tissues that preferentially or 
obligatorily use glucose for energy production. In the 
case of a simple fast in a healthy animal, metabolic 
adaptations over the course of days and weeks act to 
decrease tissue demands for glucose and thus spare 
amino acids. 

Metabolic adaptations do not occur in the critical 
patient, however, even though these patients are of- 
ten in a negative balance for both calories and nitro- 
gen. The metabolic milieu of critical illness is very 
different from that of a simple fast. Mediators of the 
metabolic state (glucocorticoids, catecholamines, 
cytokines and other hormones) are released in re- 
sponse to tissue injury, infectious agents and inflam- 
mation. While some of the amino acids derived from 
the catabolism of endogenous proteins are either di- 
rectly oxidized or converted to glucose, a significant 
portion are utilized for new protein synthesis. In the 
fasting critical patient it is not the lack of calories, but 
the lack of amino acids that is more likely to be life 
threatening. Amino acids are necessary for the syn- 
thesis of vital host defence proteins such as immuno- 
globulins, clotting factors and acute phase reactants. 

Providing an exogenous source of amino acids, 
calories and other nutrients does not eliminate this 
catabolic response, but can blunt it to some extent 
and act to support the patient's response to disease 
and injury while preserving endogenous tissues. A 
recent study confirmed that providing caloric intake 
can have a significant, positive effect on patient out- 
come (Remillard et a/., 2001). Another investigation 
in puppies with parvovirus showed that pups receiv- 
ing early nutritional intervention responded faster with 
improved gastrointestinal tract barrier function, and 
had shorter recovery times (Mohr et al., 2003). Unfor- 
tunately, despite this evidence, a negative energy 
balance is common in our critical patients. Clearly 
nutritional supplementation should be a part of any 
critically ill patient's strategic therapeutic plan. In 
patients that have already experienced a significant 
degree of malnutrition, nutritional support may be 
essential for survival. 


Nutritional assessment: who and 
when to feed 
With the greater availability of tubes, catheters and 


nutrient formulae specifically tailored to veterinary 
patients, providing nutrition, even to the most critically 
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ill dog or cat, has become increasingly feasible. Care- 
ful patient selection is required, as nutritional support 
may have disadvantages. These can include an in- 
creased risk of morbidity and even mortality, prolon- 
gation of hospitalization and additional cost of 
treatment. It is therefore important to reserve the more 
aggressive forms of intervention, such as tube feed- 
ing or parenteral nutrition, for those patients for whom 
lack of nutrition will be most likely to have a negative 
impact on their clinical outcome. 

Traditionally, the tests and techniques for nutritional 
assessment have been directed at the identification of 
malnourished patients. These include body condition 
scoring, assessment of weight loss, measurement of 
serum proteins, functional tests such as intradermal 
skin tests and sophisticated body composition analy- 
sis (e.g. dual X-ray absorptiometry, bioelectrical imped- 
ance). While the severely malnourished individual is 
easily identified, the diagnostic accuracy of these tech- 
niques remains unknown in less obvious cases, as 
there is no universally accepted ‘gold standard’ of mal- 
nutrition against which these tests can be compared. 

A system of subjective evaluation of a patient's 
history and physical examination has been developed 
for use in humans and has been shown to be accu- 
rate in predicting which patients are at risk of devel- 
oping nutrition-associated complications such as 
infections or poor wound healing. Whilst this technique 
has not been validated in veterinary patients, it is a 
straightforward approach, organizing easily available 
information, with the objective of classifying the 
patient's nutritional status as normal, marginal (slightly 
malnourished) or severely malnourished (Figure 23.1). 


(23.4 | Nutritional assessment. 


Taking the history 

A medical history should always include specific ques- 
tions about the patient's diet and feeding behaviour. It 
is important to find out whether the current diet and 
food intake are normal or have changed. Particular at- 
tention should be paid to recent reductions in intake on 
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both a voluntary and involuntary basis. Weight loss 
should be evaluated with respect to the extent of loss 
and the duration of time over which it has occurred. 
Loss of a particular amount of body mass over a 2-week 
period can be far more significant than the same loss 
over a 2-month period, since a greater proportion of 
the loss is likely to be lean tissue. Evidence of chronic 
gastrointestinal disease should be noted, as disorders 
causing malassimilation of dietary nutrients can lead 
to both protein—calorie malnutrition and specific micro- 
nutrient deficiencies, depending on the condition. A his- 
tory may also reveal information about the impact of 
malnutrition on functional status, as revealed by weak- 
ness and exercise intolerance. Finally, knowledge of 
the underlying disease process helps to indicate 
whether continued deterioration or restoration of nutri- 
tional status is to be anticipated. 


The physical examination 

Several systems for scoring canine and feline body 
condition have been published. None of these systems 
is ideal for evaluation of the hospitalized patient, since 
they do not reflect the alterations in body composition 
seen in the acutely critical patient. As previously dis- 
cussed, the critical patient is often in a state of acceler- 
ated catabolism, and lean tissue wasting outstrips 
adipose tissue breakdown in these circumstances. A 
more appropriate approach is to evaluate caloric and 
protein ‘reserves’ separately, by assessing adipose tis- 
sue and skeletal muscle mass, respectively. 

In addition to assessment of body condition, other 
features of the physical examination that may indi- 
cate a state of malnutrition include oedema, ascites 
and skin and hair coat lesions that are specific for 
micronutrient deficiencies. 


Selection of patients for nutritional 
support 

Once a patient has been classified as being normal, 
mildly malnourished or obviously malnourished, it is 
necessary to decide whether that patient is a candi- 
date for nutritional support (Figure 23.2). At this point, 
it is essential to have an accurate assessment of the 
patient's food intake. In cases where the patient ap- 
pears to have a diminished appetite but is still volun- 
tarily consuming food, it may be necessary to measure 
food intake for a day or two in order to determine if 
consumption is adequate. This assessment method 
requires the estimation of an ‘ideal’ caloric intake for 
the patient. Methods for the calculation of energy re- 
quirements of hospitalized patients will be discussed 
in the next section. Ideally, the patient should be con- 
suming a diet balanced for all its nutritional needs. 


Patients who were significantly malnourished before the onset of 
their current illness 
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Often, palatable table foods are substituted for pet 
foods when animals are ill. If the patient refuses to 
take in at least 50% of its calories in the form of a pet 
food for more than a few days, efforts should be made 
to ensure that essential nutrients, such as protein and 
water-soluble vitamins, are being adequately supplied. 

For the patient in which estimated food intake falls 
short of its ideal, it must be decided whether the lack 
of optimal nutrition will have an impact on clinical out- 
come. This is not always an easy judgement. Some 
general guidelines are listed in Figure 23.2. Patients 
assessed as obviously malnourished who have a 
serious illness should be considered automatic can- 
didates for nutritional support if their voluntary food 
intake is below estimated goals. Normal or mildly mal- 
nourished critical patients, however, can also be at 
risk of malnutrition-associated complications, since 
their nutritional status can deteriorate rapidly in the 
face of suboptimal intake. It has been established that 
patients do better when nutritional support is initiated 
early on in their illness. The art of nutritional assess- 
ment is therefore to select patients that are likely to 
have a severe and complicated clinical course and 
prolonged partial or total anorexia. Furthermore, nu- 
tritional support should be initiated as soon as is clini- 
cally feasible. 


Nutritional requirements of critical 
patients 


Energy requirements 

The calculation of energy requirements of critical 
patients is a subject of some controversy. Much of 
what has been published in the veterinary literature 
on this subject was based on human literature that is 
outdated and has been called into question. The daily 
energy requirement of an individual reflects the en- 
ergy required for basic life processes (often referred 
to as resting energy requirement or RER), a small 
amount of energy used for the assimilation of nutri- 
ents, a variable amount of energy expended for body 
temperature regulation and the energy expended in 
physical activity. Generally, the more sick the patient, 
the more likely it is that RER will approximate that 
patient's total energy expenditure. The controversy 
involves the issue of how much the RER of critical 
illness differs from that of a well individual. It was pre- 
viously thought that RER was often significantly ele- 
vated in critical illness, possibly to twice what would 
be expected under normal circumstances. This was 
the rationale for the IER (illness energy requirement) 
approach to estimating the energy requirements of 
hospitalized patients. That method involved multiply- 
ing RER by ‘illness factors’ ranging from 1.1 to 2.0. 
Clinical experience and measurements of the energy 
expenditure of actual patients using indirect 
calorimetry suggest that the RER of the majority of 
critical patients, both human and veterinary, is at most 
only modestly elevated (Chan, 2004). In addition, feed- 
ing excessive calories to critical patients may cause 
a number of untoward effects including gastrointesti- 
nal problems, electrolyte disturbances, hyperglycae- 
mia, hepatic dysfunction and respiratory distress. 
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Consequently, the current recommendation for 
estimation of the caloric requirements of critical vet- 
erinary patients is to use one of the formulae for RER 
(Figure 23.3). The use of RER as a caloric goal is a 
reasonable and safe starting point, either for patients 
whose voluntary food intake is being assessed or for 
patients that will be nutritionally supported. The 
amount fed to a given patient can always be increased 
if that patient experiences weight loss. 


Calculation of RER for dogs and cats. The 
interspecific formulae tend to overestimate 
feline energy requirements. 


Protein requirements 

While it appears that most hospitalized patients do 
not have resting energy requirements that differ 
greatly from normal, their protein requirements can 
be significantly greater during critical illness. The 
amount of protein an animal requires in its diet is a 
reflection of amino acid needs for protein synthesis 
and replacement of degraded or lost amino acids. 
Cats also have an obligatory need for amino acids 
for energy production. The nature of the protein 
source will also affect the amount required in the diet, 
since some protein sources are limiting in one or 
more essential amino acids. 

Ideally, the dietary source of protein for critical 
patients should be highly digestible and contain all of 
the essential amino acids in appropriate amounts. As 
arule, animal sources of protein, in particular egg and 
milk proteins, meet these criteria. For patients receiv- 
ing enteral nutrition, protein should comprise at least 
20-30% of calories (2-3 g/kg body weight) for dogs 
and >30% of calories (3 g/kg body weight) for cats. 
There are veterinary products designed for the nutri- 
tional support of veterinary patients that meet these 
guidelines (Figures 23.4 and 23.5). 


( 23.4 | Tube feeding diets for cats and dogs. Note that 
energy is given on an ‘as fed’ basis; protein, 
fat and carbohydrate are given on an ‘energy’ basis. 

a Not currently available in the UK. 
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| 23.5 | Liquid diet for cats and dogs. Note that energy 
is given on an ‘as fed’ basis; protein, fat and 
carbohydrate are given on an ‘energy’ basis. 


Some critical patients with renal or hepatic dys- 
function may not tolerate this quantity of protein. These 
patients do not have decreased protein requirements; 
rather, they have impaired ability to eliminate nitro- 
gen by-products of protein metabolism (e.g. urea and 
ammonia). Therefore feeding strategies for these 
patients should involve supportive therapies that im- 
prove the elimination of protein metabolic waste prod- 
ucts (i.e. fluid diuresis for renal failure, oral lactulose 
for hepatic failure), thus allowing as much protein in- 
take as possible. 


Micronutrient requirements 

In addition to water, calories and protein there are at 
least 25 other essential nutrients, including fatty 
acids, minerals and vitamins. The effect of critical 
illness on a patient's micronutrient requirements is 
unknown. Current recommendations are to provide 
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amounts that meet at least normal adult maintenance 
requirements (Figure 23.6). Many patients have 
adequate endogenous stores of most of these nutri- 
ents to survive weeks or in some cases months of 
reduced food intake. A number of these nutrients, in 
particular the water-soluble vitamins, are, however, 
very labile and patients may become significantly 
depleted in a short period of time. Therefore, depend- 
ing on a patient's nutritional status at the time of pres- 
entation, it may already be suffering from deficiencies 
of one or more B vitamins or electrolytes. 

Most veterinary enteral products are nutritionally 
balanced, so barring problems with nutrient assimila- 
tion, deficiency states should not arise. Electrolyte 
deficiencies are generally secondary to excessive fluid 
losses as opposed to malnutrition, and are addressed 
in Chapter 5. In the case of severe protein—calorie 
malnutrition, extreme imbalances of potassium, phos- 
phorus and magnesium may occur. This situation, 
known as ‘refeeding syndrome’, will be discussed in 
more detail in the section on complications of nutri- 
tional support. 

In recent years there has been a good deal of in- 
vestigation into the benefits of supplementation of 
specific nutrients such as glutamine, arginine, 
omega-3 fatty acids and zinc in critically ill human 
patients. A review of these nutrients is beyond the 
scope of this text; however, it is important to recog- 
nize that clinical trials in human patients have not con- 
sistently demonstrated benefits from their use. 
Moreover there is virtually no research on the safety 
and efficacy of these nutrients in critical small animal 
patients. Hence the evidence is currently not strong 
enough to make specific recommendations for the 
supplementation of these substances. 


| 23.6 | Micronutrient requirements of dogs and cats (ME, metabolizable energy). 
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Enteral nutrition 

The age-old adage ‘if the gut works, use it’ still holds 
true. The intestinal epithelium requires glutamine and 
regular access to nutrients to maintain the health of 
enterocytes (including the height of the villi and the 
function of brush border enzymes) and to support other 
neuroendocrine exchanges between the pancreas, 
stomach and small intestine. The nourishment pro- 
vided via enteral feeding, therefore, helps to protect 
against bacterial translocation, absorption of endotoxin 
and the development of sepsis in critically ill patients 
unwilling or unable to maintain their own nutrient in- 
take. Fortunately, the enteral route is also more eco- 
nomical, easier to implement and associated with 
fewer complications than parenteral feeding. Methods 
of enteral feeding include coaxed feeding, chemical 
stimulation of appetite and infusion of nutrients via 
feeding tubes within the gastrointestinal tract, bypass- 
ing the oral cavity (Figure 23.7). Deciding which 
method to use is dependent upon several factors, in- 
cluding the animal's current nutritional status and gen- 
eral state of health, the estimated length of time that 
nutritional support will be required, the animal's toler- 
ance of general anaesthesia, the experience of the 
clinician and the associated costs of the procedures. 


Coaxed feeding 
Coaxed feeding, depending on the patient, may be 
an easily applied method of nutritional support 
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adequate for the partially anorexic patient. This 
method is directed at encouraging voluntary intake 
and does not imply force feeding. Force feeding should 
be avoided, as it increases the stress of an already 
compromised patient, increases the likelihood of 
aspiration and injury and more commonly results in 
the topical, rather than enteral, application of nutri- 
ents. Gently tempting the patient with small, frequent 
meals of a highly palatable diet consisting of wet, 
odiferous, warm food in a quiet environment may 
stimulate self-feeding. Home-prepared chicken, fish 
or red meats are often successful menu choices. If 
the patient does not voluntarily eat what is offered, 
gently syringing a soft or liquid diet into the corner of 
the mouth may stimulate the animal to eat on its own. 
If the animal does not express an interest in eating on 
its own after the first one or two attempts at coaxed 
feeding, other options should be considered. 


Chemical stimulation of appetite 

If an adequate intake is not attained, chemical stimu- 
lants such as diazepam (0.05—0.15 mg/kg i.v., i.m. or 
orally once daily) have been reported to increase the 
appetite and ‘remind’ a patient of the taste of food, 
encouraging them to eat voluntarily. Application of 
these drugs may result in the consumption of 25% of 
the daily requirement in responsive cats (Figure 23.8). 
However, this option is not without a degree of risk 
and should be reserved as a short-term ‘kick-start’ in 
patients likely to recover in a short time period rather 
than an option for the long-term anorexic or inappetent 


Method “Advantages | Disadvantages 
Coaxed feeding Simple, less stressful Not effective in many animals 
Chemical stimulants Simple, ‘reminds’ patients of the taste of foods May induce sedation 

Short term (2-3 days) 
Naso-oesophageal tube Easy to place, least invasive tube, low cost Not well tolerated by some patients 
(3.5-5 Fr; cats) Requires minimal sedation, if any Must use an Elizabethan collar 
(3.5-8 Fr; dogs) Use up to 1 week Requires liquid diet 
Oesophagostomy tube No special equipment required Requires brief general anaesthesia for placement 
(8-18 Fr) Can be used long term Infection of wound may occur 
Gastrostomy tube Easy to maintain, few complications Requires general anaesthesia for placement 
(14-20 Fr) Can be used for months Specialized equipment needed 

Tube must remain in place for a minimum of 14 days 
Enterostomy tube Bypasses pancreas and dysfunctional upper Requires general anaesthesia for placement 
(5-8 Fr) gastrointestinal tract Liquid diet constantly infused 


Routes of enteral nutritional support. 


Requ 
Tube must remain in place for a minimum of 14 days 


Diazepam 
Oxazepam 


0.05-0.15 mg/kg i.v., i.m., or 1 mg orally q24h Sedation, idiosyncratic hepatic necrosis 
5-10 mg orally qi2h Same as diazepam 


Cyproheptadine 8 mg/m? or 2-4 mg/cat orally qi2-24h Excitability, aggression, vomiting 
5-20 mg/dog orally q12-24h 


Nandrolone 
Prednisolone 


5 mg/kg i.m. weekly; dogs Uncommon 
0.5-1 mg/kg q12-24h PU/PD, decreased wound healing, may interfere with therapy for disease 


| 23.8 | Chemical stimulation of appetite (PU/PD: polyuria/polydipsia). 
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patient. The side effects of benzodiazepine appetite 
stimulants may include drowsiness, excessive seda- 
tion or, more seriously, idiosyncratic hepatic necrosis 
in cats (diazepam), limiting their usefulness. Cypro- 
heptadine has fewer known side effects and, although 
it can cause excitement/agitation, may be more 
effective as an appetite stimulant. When using appe- 
tite stimulants, it is important that the animal's clinical 
response is accurately and honestly recorded with an 
ongoing assessment of calorie intake. 


Tube feeding 

In many critically ill animals, the best way to ensure 
that adequate nutritional intake is achieved is to place 
a feeding tube and deliver food and water according 
to the calculated requirements. Several types of feed- 
ing tubes have been described and will be reviewed 
here. In general, the more proximal the feeding tube, 
the more physiologically appropriate the feeding regi- 
men and the less likelihood that a gastrointestinal 
upset will occur. The authors prefer the use of naso- 
oesophageal tubes for the short-term feeding of 
critically ill patients, and oesophagostomy or percuta- 
neously placed gastrostomy tubes for periods longer 
than 7 days. 


Naso-oesophageal tubes: These are the simplest, 
least invasive and most commonly used feeding tubes 
and are excellent choices for the short-term feeding 
of hospitalized patients. Owners will rarely opt to main- 
tain these tubes in the home environment, but it can 
be done. Soft flexible polyvinyl feeding tubes are easily 
placed into the nostril with a topical anaesthetic and 
minimal sedation (Figures 23.9 and 23.10). They 
should terminate just short of the lower oesophageal 
sphincter rather than in the stomach, to avoid induc- 
ing gastro-oesophageal reflux. The largest tube di- 
ameter that fits snugly in the internal nares should be 
used to maximize the feeding capacity. Correct tube 
placement should be confirmed by radiographs. Naso- 
oesophageal feeding tubes are contraindicated in 
patients that have rhinitis or severe facial trauma in- 
volving the nares and nasal turbinates, those that are 


| 23.9 | Placement of a nasogastric tube in a 5-month- 
old dog. A 5 Fr naso-oesophageal tube has 
been measured to the 9th rib space and marked with a 
piece of white tape, and a topical anaesthetic has been 
placed in the left nostril. To facilitate passage into the 
ventromedial nasal meatus, the nares are directed upwards. 
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| 23.10 | German Shepherd Dog with a naso- 
oesophageal tube. Once in place, the tube is 
secured to the external nares with ‘superglue’, or 
preferably a small suture passed retrograde through a 
24 gauge needle. Two more sutures secure the tube to 
the dorsum of the nose and top of the head, out of the 
dog’s direct line of vision. An Elizabethan collar prevents 
the dog from interfering with the tube 


experiencing protracted vomiting and/or regurgitation, 
those that are semi- or unconscious and those that 
have physical or functional abnormalities of the phar- 
ynx, larynx or oesophagus. 

Once in place, these tubes may be used intermit- 
tently, dividing the total daily intake into small frequent 
meals or, less commonly, a liquid diet may be given 
as acontinuous infusion. Complications that can arise 
with the use of these tubes may include rhinitis, vomit- 
ing or regurgitation. Aspiration of oesophageal con- 
tents is more likely if the animal is very weak or 
suffering neurological deficits and is fed in, or remains 
in, prolonged lateral recumbency. 


Oesophagostomy tubes: Oesophagostomy tubes 
are variably sized tubes that are easily placed under 
light anaesthesia with minimal equipment require- 
ments. Large-bore oesophagostomy tubes may be an 
ideal option for the general practice environment, as 
they are relatively simple to place and can be main- 
tained and used for months. The only major associ- 
ated complication (albeit rare) is the development of 
infection at the entry site, therefore meticulous care 
of the surgical wound is essential to maintain the tube. 
For this reason, oesophagostomy tubes are the pre- 
ferred mode of support and pharyngostomy tubes, 
which have higher complication rates, are no longer 
recommended. Placement of an oesophagostomy 
tube is shown in Figure 23.11. 


Gastrostomy tubes: Gastrostomy tubes have be- 
come invaluable for the long-term nutritional support 
of critically ill or recovering patients. Gastric feeding 
tubes may be placed surgically, endoscopically or by 
a ‘blind’ placement technique. Surgical placement of 
gastric feeding tubes is convenient when abdominal 
surgery is warranted for other purposes such as per- 
forming organ biopsies or removal of masses. These 
tubes may be ‘pexyed’ in position and tightly sealed 
with omentum to prevent leakage. Balloon-tipped 
Foley catheters designed for use in the urinary tract 
should be avoided owing to the possibility of balloon 
rupture and displacement of the catheter, increasing 
the risk of peritoneal cavity contamination. 
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Oesophagostomy tube are er (a) Forceps have been placed in the cervical oesophagus and their points 

are being used as a guide for the position of the skin incision. (b) The forceps are forced outwards through 
the incision to the external surface. The feeding tube is grasped with the forceps and drawn into the pharynx through the 
oesophagostomy incision. (e) The tube is redirected down the oesophagus. (d) The oesophagostomy tube in its final 
position. It should be capped off and sutured in place and the neck bandaged. 


In the author’s experience, an easier and less in- 
vasive means of gastric tube placement is by use of 
an endoscope (Figure 23.12). Tubes may be placed 
efficiently within 10-15 minutes under general an- 
aesthesia, the limiting factors being accessibility of 
and experience with the endoscopic equipment. The 
most economical type of feeding tube is fashioned 
from a mushroom-tipped catheter in which only mi- 
nor alterations are needed. The tip can be removed 
to add a feeding conduit and the widened catheter 
end is then cut to form two stents which are placed 
on either side of the positioned tube to anchor the 
tube in place and to prevent its inadvertent removal 


(Figure 23.13). Once placed, the tube should be left 
in place for a minimum of 14 days prior to removal to 
allow a seal to form with the abdominal wall. The 
benefit of using this type of tube is that when the 
animal no longer requires nutritional support, the tube 
is simply pulled firmly and the stents slip off, allow- 
ing complete removal of the tube. The internal stent 
is usually small enough to be passed in the faeces 
and rarely if ever requires a second anaesthetic for 
endoscopic retrieval. The disadvantage of these 
tubes is that they may be inadvertently removed by 
a strong tug and so must remain carefully wrapped 
when not in use. 


Gastrostomy tube placement. (a) Under general anaesthesia, the cat is placed in right lateral recumbency 
and an area (~10cm x 10cm) just behind the rib cage is clipped and surgically prepared. A mouth gag is 


used to protect the teeth from damaging the endoscope. The stomach is insufflated with air to move all other abdominal 
contents, specifically intestines and spleen, away from the body wall. (b) The site within the stomach where the tube will 
be anchored is chosen with the aid of an assistant, who wears sterile gloves and indents the surface of the prepared 
skin just caudal to the rib cage and directed cranially. (continues) 
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23.12 | (continued) Gastrostomy tube placement. (e) This indentation can be seen by the endoscopist, who then 
directs the assistant to an area well away from the pyloric outflow tract into the fundus of the stomach where 
the tube is to be situated. (d) A small, ~2 mm incision is made in the skin just over the site, and a 19 gauge catheter 
(dogs and cats) is sharply introduced. (e) The catheter stylet is removed and a piece of suture material is passed into 
the stomach. Biopsy forceps are then used to retrieve the end of the suture, which is pulled into the endoscope as it is 
removed from the patient. The assistant must allow the suture to thread easily into the stomach, and the catheter can 
then be removed. (f) The suture now passes into the stomach via the body wall, extends up the oesophagus and out of 
the mouth. In human enteral feeding tubes such as this one (Fresenius), the tip is narrowed to pass through the body 
wall. When using a mushroom-tipped pezzar catheter, a small pipette tip is placed on to the end of the suture (tip 
threaded first!), and the suture is then fixed to the tube with multiple knots. (g) The assistant slowly retracts the suture, 
exiting the body wall until the tip of the pipette can be palpated. The stomach is held in place while the tube is pulled 
through the gastric mucosa and exits the body wall. A haemostat clamp can be used to grab hold of the pipette tip and 
exert an even upward pressure. Simply pulling the suture may result in breakage. (Ih) Once the tube has been pulled 
into place, it is important to go back and look in the stomach to verify that the tip is not stuck at the lower oesophageal 
sphincter and the tube is in an appropriate position, away from the pyloric outflow tract. (i) Flexible plastic fittings hold 
the feeding tube in place. Tight placement may result in pressure necrosis and increase the incidence of infection. The 
tube site is then wrapped in sterile material. (j) A percutaneously placed gastric tube in a 3-year-old Labrador with 
megaoesophagus 
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| 23.13 | A relatively inexpensive feeding tube can be 
made from a mushroom-tipped catheter with 
minor alterations. The wide end of the catheter is cut to 
form two stents which are placed on either side of the 
body wall (internal stent shown) to anchor the tube in 
place and to prevent its inadvertent removal. (Reproduced 
from Battaglia (2006) with permission from Elsevier.) 


A simpler, yet more expensive, system is the use 
of pre-packaged human enteral feeding tubes. The 
authors currently use a commercially available 15 Fr 
polyurethane tube (Fresenius). The advantages of 
these kits are that they contain all that is necessary to 
place the tube, they are suitable for use in cats and 
dogs, and they are difficult to remove inadvertently. 
The disadvantage is that a second anaesthetic is re- 
quired to remove the solid plastic disc that keeps the 
tube anchored internally, preventing its removal. Once 
the external tube is cut away, this disc is not easily 
passed along the gastrointestinal tract and may re- 
sult in a foreign body obstruction if not retrieved en- 
doscopically. ‘Blind’ tube placement, without direct 
visualization of the site of internal insertion, is facili- 
tated by the use of a long rigid stylet passed via the 
oesophagus and palpated through the stomach wall 
(Torrance, 1996). This may be a useful technique in 
the hands of some experienced practitioners when 
endoscopic or surgical placement is not possible, how- 
ever, given the potential complications, the authors 
recommend oesophagostomy tube placement instead 
in most cases. Care must be taken not to lacerate the 
spleen or oesophagus during placement, and it is 
advisable to verify tube placement radiographically 
following the procedure. 

Gastric feeding tubes may be used for periods up 
to 1 year if carefully maintained (Figure 23.14). Most 
patients tolerate the tubes quite well, although body 
wraps are advised to prevent the wound from becom- 
ing soiled. In the overly enthusiastic patient, an Eliza- 
bethan collar may be necessary to prevent the patient 
from chewing or removing the tube. Fortunately, 
complications are uncommon, but can include splenic 
laceration during placement as discussed above, in- 
fection or cellulitis at the site of exit from the body 
wall, vomiting due to slippage of the tube back into 
the gastric lumen, or peritonitis from contamination of 
the peritoneal cavity. 

Low-profile enterostomy ‘button’ devices, which 
occupy the fistula between the gastrointestinal tract 
and the body wall, currently used in human medicine, 
are available for use in veterinary patients and may 
be left in place long term with minimal complications. 
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i Don't use the tube for the frst 24 hours. This wil alow a Yai 
primary seal to form between the stomach and body wall. 

2. Start with small amounts of water, 5 ml/kg, to flush the tube. 

3. Feed only one half of the calculated daily caloric requirement 
the first day. This is divided into small (20-30 mi) frequent (5-6) 


6. ALWAYS FOLLOW BASIC TUBE ETIQUETTE: : FLUSH before 
ee ee ee 
maintain tube patency. 


General guidelines for the t use of gastrostomy 
tubes. 


Enterostomy tubes: Placement of feeding tubes be- 
yond the stomach is rarely indicated, but in cases of 
pancreatitis, diffuse gastric mucosal disease, protracted 
vomiting or delayed gastric emptying, an enterostomy 
tube may be life saving. Enterostomy tubes are most 
commonly placed surgically, or they may be introduced 
via a gastric tube and then directed through the pylorus 
with an endoscope. At surgery, a flexible, small-bore 
tube is threaded into the proximal jejunum or distal 
duodenum and secured with a purse string. The deliv- 
ery end is exited through an abdominal stab incision 
and fixed to the abdominal wall (Simpson and Elwood, 
1994). Feeding through an enterostomy tube must be 
carefully controlled since the diets are often concen- 
trated in order to supply enough calories, and there- 
fore may cause osmotic overload and diarrhoea. As 
with gastrostomy tubes, enterostomy tubes must re- 
main in place for a minimum of 14 days to allow a seal 
to form with the abdominal wall. Continuous infusion of 
a dilute liquid diet is the preferred method of use, there- 
fore the patient must remain hospitalized while the tube 
is in place, which limits its long-term employment. 


Parenteral nutrition 

Parenteral nutrition (PN) is nutrition delivered by the 
intravenous route. It can be life saving for patients who 
cannot tolerate enteral feeding. However, because 
there are numerous drawbacks associated with this 
form of nourishment, it should be reserved for patients 
with no other feeding option, and for whom the need 
for nourishment is felt to be a critical factor in their re- 
covery. Generally, these are patients for whom enteral 
feeding is contraindicated or hazardous. 

Special solutions are used for intravenous feed- 
ing; they must be mixed aseptically and in a specific 
order. PN is best delivered continuously (although 
this is not absolutely necessary); therefore 24-hour 
nursing care is desirable. Also, since many of the 
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potential complications of PN (sepsis and various 
electrolyte disturbances) can be life threatening, 
careful monitoring of the patient is mandated. There- 
fore, a significant increase in the cost of care is an 
expected consequence of the intensive care and 
special supplies required to deliver PN to a patient. 


Venous access 

Ideally, a catheter should be dedicated for PN infu- 
sion alone, because of the increased risk of catheter 
sepsis associated with the infusion of a nutrient-rich 
solution. By dedicating a line to PN and observing 
strict aseptic care of the line and its connections, 
the potential for bacterial contamination is reduced. 
Central venous access is preferable to peripheral 
access, since PN solutions are hyperosmolar and 
associated with the development of thrombophleb- 
itis. However, PN solutions can be diluted adequately 
to permit peripheral infusion as long as the patient 
is not at risk of fluid volume overload. PN solutions 
infused via peripheral catheters should not exceed 
800 mOsm/I and if possible should be less than 600 
mOsmi/l. In addition, use of fine-bore polyurethane 
or silicone elastomer cannulae will greatly reduce the 
risk of thrombophlebitis. 


Parenteral nutrition solutions 
Basic PN is composed of a protein source (crystalline 
amino acid solution), a carbohydrate source (dextrose) 
and a fat source (lipid emulsion). Vitamins, electro- 
lytes and trace minerals can also be added so that 
the resulting solution is complete and balanced, at 
least according to standards for healthy dogs and cats. 
Because most veterinary patients receive PN for 
limited periods of time (often a week or less), the 
focus should be on providing protein, calories and 
the more labile vitamins (water-soluble vitamins). 
Electrolyte supplementation is managed as a com- 
ponent of fluid therapy rather than as part of PN. 


Day 1 goal: 50% RER 
Day 2 goal: 100% RER 


(see Figure 23.3 for RER formulae) 


Protein calories: Dogs: 15-25% of RER 
Cats: 25-35% of RER 


Providing more complete nutrition to a patient 
parenterally is problematic due to compatibility 
problems between various nutrients and nutrient for- 
mulations, as well as expense. If the patient is not 
on a balanced enteral diet within a week of starting 
PN, fat-soluble vitamins are supplemented sepa- 
rately (intramuscularly or subcutaneously) on a 
weekly basis. The water-soluble vitamin folate should 
also be supplemented separately in long-term PN 
patients, as it is omitted from parenteral B-complex 
preparations. Parenteral trace mineral supplements 
are also available for use in these patients. 

PN solutions should be made fresh daily and must 
be mixed in a specific order under aseptic conditions. 
Special PN compounding bags can be used, or solu- 
tions can be prepared in evacuated glass containers. 
In general, amino acid and dextrose solutions are 
mixed first and then electrolyte and mineral solutions 
are added. Great care must be taken when adding 
combinations of electrolytes, especially phosphorus 
and calcium, because precipitates can easily form. 
Next, multivitamins are added, and finally the lipid 
emulsion. The lipid emulsion is fragile and the sus- 
pended triglyceride particles can coalesce or even 
precipitate. Precipitation of lipid emulsions can be 
detected by visual inspection after the solution has 
been sitting for a while. There should not be any indi- 
cation of separation or layering of the final solution. 
Risk of fat embolization can be eliminated by using 
an infusion set that contains a 1.2 micron filter to 
deliver PN solutions containing lipids. 


Prescription formulation 

Figure 23.15 shows a worksheet and a sample calcu- 
lation for formulating PN. Because of the limited dis- 
cussion of PN in this chapter the reader is encouraged 
to seek a more detailed review of this technique. There 
are several guidelines for formulating PN for small 
animals in the literature (Hill, 1994; Chan, 2005). 


Select % protein calories based on the patient's protein status and ability to tolerate dietary protein. 


Non-protein calories: 30-70% from lipid 
30-70% from dextrose 


Dogs: provide 50% of non-protein calories from lipid and 50% from dextrose unless there is pre-existing hyperlipidaemia or hyperglycaemia. 


Cats: provide 70% of non-protein calories from lipid and 30% from dextrose unless there is pre-existing hyperlipidaemia or hyperglycaemia. Cats 
are more likely to become hyperglycaemic, which is why more calories are provided as lipids as a rule. 


Solutions: 
1. Amino acids 
1 g of amino acids provides approximately 4 kcal. 
Use solutions containing 3.5-5% amino acids (350-500 mOsm/\). 


) 
Use solutions without additional electrolytes to simplify management of electrolytes with fluid therapy. 


2. Dextrose 


10% dextrose contains 500 mOsm/| and provides 0.34 kcal/ml. 
20% dextrose contains 1000 mOsmi/l and provides 0.68 kcal/ml. 


| 23.15 | Worksheet for peripheral parenteral nutrition. (continues) b 
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3. Lipid emulsions 
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Use 20% lipid emulsions, which contain 268-340 mOsm/I and provide 2 kcal/ml. 


4. Phosphorus 

Use standard parenteral potassium phosphate solutions. 
5. B vitamins 

Use standard parenteral B complex solutions. 


Example calculations: a 17.5 kg dog without hypoproteinaemia 


RER = 70(17.5)*” = 600 kcal/day 
Goal calories for day 1 = 0.5(600) = 300 kcal 


1. Amino acids 


(0.15)(300 kcal) = 45 kcal from protein 

45 kcal + 4 kcal/g = 11.25 g 

4.25% amino acid solution = 0.0425 g protein/ml 
therefore you need 265 ml 4.25% amino acid solution 
(x ml = 11.25 g + 0.0425 g/ml) 


2. Non-protein calories 


(0.85)(300 kcal) = 255 kcal from lipid and dextrose 
(a) 20% lipid emulsion to provide 50% non-protein calories = 
127.5 kcal 
20% lipid emulsion = 2.0 kcal/ml 
therefore you need 64 ml 20% lipid emulsion 
(x ml = 127.5 kcal + 2.0 kcal/ml) 
(b) 20% dextrose to provide 50% non-protein calories = 127.5 kcal 
20% dextrose solution = 0.68 kcal/ml 
therefore you need 188 ml 20% dextrose solution 
(x ml = 127.5 kcal + 0.68 kcal/ml) 


3. Potassium phosphate 


dosed at 8 mM/1000 kcal delivered 
therefore you need 2.4 mM potassium phosphate 
(x mM = (8 mM)(300 kcal) + (1000 kcal)) 


4. Vitamin B complex 


dosed at approximately 2 ml/l infused 
total infused for day 1 = 518 ml 
therefore 1.0 mi B complex should be sufficient 


5. Infusion rate 


518 ml/24 hours = 22 ml/h 
The osmolarity of this solution is approximately 625 mOsm/I. 


Day 2 calculations 
Same as day 1, but substitute 600 kcal for 300 kcal. 


(23.15 ] (continued) Worksheet for peripheral parenteral nutrition. 


Monitoring and treating the 
complications of nutritional support 


The monitoring required in critically ill patients receiv- 
ing nutritional support is typically no different from what 
might be expected for any critical patient: routine 
physical examinations; body temperature; heart rate 
and respiratory rate; twice daily weight measurements; 
and assessment of hydration status and general 
demeanour. Laboratory values frequently assessed 
include total protein, albumin, packed cell volume, 
electrolytes and blood urea nitrogen. Alterations in 
these parameters may indicate improved patient 
status due to correction and support of the underlying 
disease or, conversely, may signal early warnings of 
complications associated with nutritional support. In 
a study of anorexic cats, high creatinine kinase (CK) 
activity was found, exceeding an average of 250 times 
that of normally nourished cats (Fascetti et al., 1997). 
In response to nutritional intervention, the CK activity 
decreased and eventually returned to normal. CK may 
prove to be a useful marker of nutritional status in the 
clinical setting. 

Complications associated with enteral nutrition fall 
into the categories of mechanical, gastrointestinal or 
metabolic. Mechanical complications most commonly 
encountered include obstruction of the feeding tube, 
dislodgement of a tube, or infection/cellulitis at the site 
of tube entry. Obstruction of feeding tubes may be 
minimized by the use of foodstuffs of the appropriate 
consistency in relation to the tube size. Those tubes 
of 5 Fr diameter and smaller should only ever admit 


liquid diets, whereas larger sized tubes may admit 
thoroughly liquidized diets but still risk blockage if the 
diets are not properly diluted and the tubes are not 
flushed after feeding. Ideally, to minimize the chances 
of blockage and to prevent wear, tubes should be used 
solely for feeding purposes and not for the admini- 
stration of medications. Should a tube become 
clogged and unresponsive to hydrostatic pressure, 
cola or, alternatively, pancreatic enzyme powder mixed 
in sodium bicarbonate can be left in the tube over- 
night to help dissolve the offending material. If neither 
is successful, the tube requires replacement. 
Gastrointestinal complications are, unfortunately, 
common and typically manifest as nausea, vomiting 
and diarrhoea. These may be avoided by a slow in- 
troduction to feeding and by administering dilute so- 
lutions to avoid sudden intraluminal hypertonicity. The 
first day of feeding should begin with incremental 
amounts of water and half of the daily caloric require- 
ments divided into five or six feedings. If feeding is 
tolerated well, the full calculated daily caloric require- 
ments are given on the second day. Prior to each feed- 
ing via a gastrostomy tube, the tube is aspirated to 
ensure that the stomach has emptied from the previ- 
ous meal. If not, the amount remaining is subtracted 
from the current feeding. Despite these precautions, 
diarrhoea may occur due to villous atrophy of pro- 
longed anorexia, intolerance of the chosen diet, anti- 
biotic-induced alterations in intestinal flora, or as a 
manifestation of the underlying illness. Treatment with 
motility-modifying drugs, the addition of fibre or a 
change to parenteral nutrition may be necessary. 
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Metabolic derangements resulting from enteral 
nutritional support are rare. The duration of illness and 
the severity and nature of the underlying disease may 
predispose some patients to glucose intolerance (and 
hence hyperglycaemia or glucosuria), hyperlipidae- 
mia or electrolyte disturbances. These derangements 
are more commonly encountered in patients receiv- 
ing PN. Correction of these abnormalities requires 
manipulation of the fluid regimen and dietary compo- 
nents, and appropriate therapy for the underlying dis- 
order. Persistent hyperglycaemia may infrequently 
require the use of insulin. A phenomenon known as 
‘refeeding syndrome’ has been described in which, 
upon initiation of nutritional support to malnourished 
patients, severe metabolic derangements occur, the 
most significant of which is hypophosphataemia. In 
one review, refeeding resulted in hypophosphataemia 
and haemolysis in cats within 12—72 hours (Justin and 
Hohenhous, 1995). Cats with diabetes mellitus or 
those with high liver enzyme activities, hyperbilirubi- 
naemia and weight loss seem to be at increased risk. 
These patients should be closely monitored for the 
development of low serum phosphorus and subse- 
quent haemolytic anaemia when initiating nutritional 
support (Justin and Hohenhous, 1995). 

Complications of PN are more common than those 
of enteral support and are associated with the mechan- 
ics of administration, sepsis or metabolic derange- 
ments, the occurrence of which depends upon the 
components and proportions administered. Mechani- 
cal complications are frequent and include broken, 
chewed, obstructed or dislodged administration lines 
and catheters. They rarely have an effect on the patient, 
but do increase the possibility of sepsis. PN should be 
supplied via dedicated fluid lines to centrally placed 
catheters, the meticulous care of which is essential. To 
avoid contamination and potential sepsis, the ports must 
be tightly secured and wrapped with disinfectant- 
soaked swabs. The site of catheter placement should 
be inspected daily, gently scrubbed and wrapped asep- 
tically. Patients receiving PN should be closely moni- 
tored for the development of fever, depression and 
leucocytosis, which signal probable sepsis. When these 
signs are recognized, the catheter is removed, the tip 
is cultured and aggressive fluid and broad-spectrum 
antibiotic therapy is instituted. 

Metabolic derangements occur frequently in 
patients receiving PN but rarely result in clinical signs. 
Common abnormalities found include hyperglycaemia, 
glucosuria, azotaemia, lipaemia and electrolyte 
changes, such as hypokalaemia, hypomagnesaemia 
and hypophosphataemia. Cats and some dogs read- 
ily develop glucose intolerance and may require short- 
term insulin therapy. Azotaemia and lipaemia are likely 
to be a result of highly concentrated intravenous infu- 
sions of amino acids and lipid emulsions, which over- 
whelm the body's capacity for utilization or storage. 
Electrolyte disturbances occur most frequently in 
patients that are vomiting and are easily addressed 
with appropriate fluid therapy. Refeeding syndrome, 
manifested by hypophosphatemia and haemolysis 
(see above), is more common in patients receiving 


PN than in those managed with enteral nutritional sup- 
port. The key to minimizing metabolic abnormalities 
is early detection. Frequent haematological and bio- 
chemical profiles are indicated to allow prompt cor- 
rection of fluid electrolyte concentrations. In addition, 
anti-emetics should be administered, infusion rates 
adjusted and proportions of components modified. 


Conclusion 


Nutritional support is rapidly and appropriately becom- 
ing a primary concern rather than an afterthought for 
our critically ill veterinary patients. As we become more 
experienced in the application of nutrition, we are in- 
creasingly aware of its benefits in shortening recov- 
ery time and decreasing morbidity and mortality 
experienced by our patients. The time and effort ex- 
pended in stabilizing the critical patient is well spent if 
we do not allow that patient's nutritional status to 
become a limiting factor in its recovery. 
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Antibacterial therapy in the 


critical patient 


Reid P. Groman and Dawn Merton-Boothe 


Introduction 


The management of serious bacterial infections is an 
integral part of intensive care medicine. Mortality from 
bacterial infections in critically ill patients remains high, 
and the emergence and spread of multiple-drug- 
resistant organisms is increasing (Ogeer-Gyles et al., 
2005; Boothe, 2006). Critically ill patients are liable to 
develop infections due to their underlying disease(s) 
and numerous invasive procedures. Further, the criti- 
cally ill patient often presents with pathophysiological 
changes that may profoundly affect drug disposition 
and response to therapy. 

Therapy for critical patients with a documented 
focus of infection is multifaceted, including goal- 
directed fluid therapy, vasopressors or inotropes, nu- 
tritional support, oxygen administration and occasion- 
ally mechanical ventilation in addition to antimicrobial 
therapy. Bacterial infection promotes a complex se- 
ries of host responses involving the kinin, complement 
and coagulation pathways, and the inflammatory re- 
sponse of the host is often responsible for the signs 
and symptoms of disease. Failure to contain or eradi- 
cate the microbe often results in further damage 
due to the progression of inflammation and infection. 
Thus, early initiation of appropriate antibiotic therapy 
is pivotal in ensuring a favourable outcome. 


Considerations for empirical 
antibiotic selection and use 


Antibiotics are directed against unique targets not 
present in mammalian cells (Greene, 2006a). The goal 
of therapy is to maximize chemotherapeutic activity 
against invading microbes whilst limiting toxicity to the 
host. Empirical antibiotic therapy is not, however, nec- 
essarily benign; indiscriminate use of broad-spectrum 
antibiotics is driving the development of in-hospital mi- 
crobial resistance (Ogeer-Gyles et al., 2006) and inap- 
propriate initial therapy in critically ill human patients is 
associated with a significant increase in mortality which 
is not necessarily reversed by changing the antibiotics 
once the bacterial susceptibility is known (Kollef et al., 
1999; Kollef, 2000). In veterinary medicine, empirically 
selected antimicrobial therapy is often incorrect, requir- 
ing adjustments in close to 45% of critically ill patients. 
Moreover, ‘common’ pathogens such as Escherichia 
coli and Staphylococcus intermedius are no longer 
predictably sensitive to drugs that were once the 


cornerstone of therapy (Boothe et al., 2006; Gurnee et 
al., 2006; Morris et al., 2006). Although, ideally, all 
antibiotic therapy should be culture-driven, invariably 
antimicrobials must be selected empirically, while await- 
ing culture and susceptibility data. In patients with 
bacterial infections, empirical therapy should be based 
on previous experience, knowledge of the pathogens 
that are most often recovered from the site of origin 
and history of prior antibiotic administration. 

Hospital-acquired, or nosocomial, infections include 
almost all infections that are unassociated with the 
patient's original diagnosis (Greene, 2006b). Most in- 
fections that become clinically evident after 48 hours 
of hospitalization are considered hospital-acquired. In- 
fections that are diagnosed after the patient's discharge 
from the hospital can be considered to have a noso- 
comial origin if the organisms were acquired during the 
hospital stay. Nosocomial pathogens vary from hospi- 
tal to hospital, and temporally within intensive care units 
(ICUs). The organisms are typically (though not always) 
opportunistic, multiple-drug-resistant Gram-negative 
bacteria. An opportunistic microbe is one that usually 
has minimal pathogenic potential but causes morbidity 
in debilitated or otherwise inmunocompromised hosts. 
The usual mechanism of infection with these bacteria 
is by colonization of the host's mucosal surfaces with 
resistant strains in patients rendered susceptible by 
antibiotic treatment, underlying disease and various 
medical procedures. Offending organisms often repre- 
sent the normal flora of the alimentary canal. 

Some nosocomial infections are caused by patho- 
gens that are endemic to a particular hospital or ward. 
Thus, when selecting an antimicrobial in the ICU, it is 
not only important to take into account the site of in- 
fection and the most likely ‘community-acquired’ bac- 
teria that may be involved, but also to consider the 
trends of antibiotic resistance observed in nosocomial 
infections within a particular hospital or clinic (Prescott 
et al., 2002). 

Broad-spectrum antibiotic therapy is initially recom- 
mended for most critically ill patients with documented 
or suspected bacterial infections. The term ‘broad spec- 
trum’ implies that antimicrobials have predictable effi- 
cacy against the most commonly encountered 
Gram-positive and Gram-negative pathogens. In vet- 
erinary medicine, this definition may be extended to 
include Mycoplasma and rickettsial species. Depend- 
ing on the infection, extended anaerobic coverage 
may also be warranted, for example in patients with 
infectious endocarditis, osteomyelitis, pyothorax or a 


339 


Chapter 24 Antibacterial therapy in the critical patient 


ruptured intestinal viscus. The time-honoured practice 
of covering for most possible pathogens is widely 
implemented and is appropriate until culture and sus- 
ceptibility data are known. However, when culture and 
susceptibility information become available, antimicro- 
bial therapy should be altered such that the patient is 
treated with the most effective narrow-spectrum agent. 
This basic tenet of pharmacotherapy is expected to 
reduce selective pressure for resistance to the more 
extended-spectrum antibiotics. For serious infections 
with nosocomial Pseudomonas aeruginosa or highly 
resistant Enterococcus faecium, the use of a cell wall 
active agent, such as a penicillin, with an aminoglyco- 
side results in synergistic antibacterial activity. In such 
cases, combination therapy is maintained to optimize 
therapeutic success and reduce the emergence of 
superinfection and resistant strains. While some recent 
studies in human medicine suggest that monotherapy 
for Pseudomonas infections may be as effective as 
combination therapy, this has not yet been demon- 
strated in veterinary medicine. 

The emergence of multiple-drug-resistant patho- 
gens in critically ill patients represents a relatively new 
challenge for veterinary surgeons. ‘Multiple-drug re- 
sistance’ may be defined as resistance to three or 
more antibiotics to which the bacterium is normally 
considered susceptible. As the prevalence of these 
resistant pathogens increases, we might question 
whether currently selected regimens thought to be 
‘broad spectrum’ (e.g. ampicillin/enrofloxacin, penicil- 
lin/gentamicin, ampicillin/sulbactam) remain appropri- 
ate ‘first-line’ choices for our critical patients. This is a 
particularly important question when we realize that 
the effectiveness of our initial antibiotic therapy is likely 
to influence mortality and morbidity in our patients. 
However, there is no uniformly effective single thera- 
peutic regimen that can be applied to all critically ill 
dogs and cats, particularly for patients in referral facili- 
ties. In human intensive care, initial coverage for pos- 
sible multiple-drug-resistant pathogens in the ICU can 
include vancomycin, third-generation cephalosporins 
and imipenem (a carbapenem). Widespread antibi- 
otic utilization in humans is largely responsible for in- 
ducing resistance to every class of drugs presently in 
use, and there are very few new antibiotics in devel- 
opment. In view of this information, it is difficult to ar- 
gue in favour of initially prescribing a third-generation 
cephalosporin, carbapenem or vancomycin for dogs 
and cats at this time in the absence of immunological 
incompetence, extended hospitalization with exposure 
to nosocomial pathogens, or compelling culture and 
susceptibility data. Similarly, there is limited evidence 
in veterinary medicine to endorse the policy in some 
human ICUs of empirically prescribing an anti- 
pseudomonal penicillin. The ever increasing and com- 
plex patterns of resistance in human ICUs mandate 
that antibiotics once considered the last line of de- 
fence (linezolid, quinupristin/dalfopristin, daptomycin) 
are prescribed prior to results of susceptibility testing 
in some patients. Avoidance of these agents at this 
time is a rational strategy to curtail the emergence of 
drug resistance in our patient population. 

For initial antibiotic therapy the probability of mi- 
crobial eradication is maximized by: 


* Using more than one antibiotic 

* Taking advantage of the pharmacodynamic 
properties of drugs that have been well 
evaluated in veterinary medicine 

* Avoiding the urge to reach for ‘bigger and better’ 
drugs empirically. 


Initial therapy with two antibiotics is generally ex- 
pected to be superior to monotherapy for several rea- 
sons. First, the use of two drugs increases the 
likelihood that one of the drugs will be active against 
the pathogen. Second, dual therapy may attack the 
pathogen at two different sites, thereby decreasing 
the likelihood that resistance will develop. Even when 
antibiotic combinations are not synergistic, their ef- 
fects may still be additive and thus enhance the like- 
lihood of pathogen eradication. These benefits should 
be weighed against the possibility of enhanced toxic- 
ity with multiple agents. 

The optimal pharmacodynamics for microbiologi- 
cal efficacy of certain antimicrobials should be exploited. 
For example, the efficacy of aminopenicillins or first- 
generation cephalosporins may be enhanced by more 
frequent administration, or administration as a constant 
rate infusion (CRI), while higher doses and less 
frequent administration of concentration-dependent 
antibiotics, such as the fluoroquinolones and 
aminoglycosides, are similarly associated with better 
microbiological outcomes (Estes, 1998). 

A beta-lactam with a relatively short half-life, e.g. 
ampicillin, is appropriately administered every 6 hours 
(i.e. no less thanthree times daily) to ensure therapeu- 
tic drug levels at the site of infection, thus improving 
efficacy against many Gram-positive and anaerobic 
pathogens. Aminoglycosides or fluoroquinolones, ad- 
ministered in large single daily doses, are the present 
standard for treating severe Gram-negative infections 
(Marik, 1993). Both drug classes demonstrate anti- 
microbial synergy in vitro with beta-lactams; thus, the 
combination of a broad spectrum beta-lactam or beta- 
lactam/beta-lactamase agent plus an aminoglycoside 
or a fluoroquinolone is appropriate empirical initial 
therapy, pending culture and susceptibility reports. It is 
important to recognize that the fluoroquinolones are 
not a ‘less nephrotoxic equivalent’ to the amino- 
glycosides, and that the aminoglycosides have not been 
eclipsed by fluoroquinolones. While the fluoroquino- 
lones are generally safer than aminoglycosides, the 
latter are predictably more effective for Gram-negative 
pathogens and less likely to contribute to antimicrobial 
resistance (Cooke et al., 2002). Moreover, not all of 
the veterinary-approved fluoroquinolones are suffi- 
ciently similar in their pharmacology or spectrum of 
activity to be used interchangeably. 

In certain situations, a less conventional drug may 
be chosen for initial therapy. For example, in the sep- 
tic patient with a recent history of broad-spectrum 
antibiotic use, it is reasonable to assume infection with 
a multiple-drug-resistant pathogen. In such situations, 
the empirical use of a carbapenem, either alone or in 
conjunction with an aminoglycoside, is justified pend- 
ing culture and susceptibility data. Similarly, if a 
patient's presentation is consistent with infection by a 
specific pathogen, e.g. a juvenile dog with suspected 
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Bordetella bronchiseptica pneumonia, treatment 
should include an antibiotic to which that pathogen is 
expected to be sensitive. In this example, a drug that 
might not otherwise be empirically selected for a hos- 
pitalized patient with pneumonia, e.g. azithromycin or 
doxycycline, would be appropriate. If the pathogen is 
suspected to be an anaerobe, predictable results have 
been obtained by administering metronidazole, ampi- 
cillin, clindamycin, chloramphenicol, or a second- 
generation cephalosporin. However, resistance 
among Bacteroides fragilis isolates to both ampicillin 
and clindamycin has increased in recent years, sug- 
gesting that therapy for anaerobic infections in the ICU 
should include metronidazole or a second-generation 
cephalosporin (Jang et al., 1997). 

Several strategies have been proposed to optimize 
therapeutic success and limit the development of 
resistance in hospitalized patients. First is the 
prompt implementation of narrow-spectrum, target- 
directed therapy based on culture and susceptibility 
results. With the exception of infections with Pseudo- 
monas aeruginosa and Enterococcus spp., there is 
limited evidence that the use of more than one anti- 
microbial is superior to appropriate single-agent 
therapy, once the pathogen has been identified. Ad- 
ditional strategies for optimal antimicrobial use include 
re-evaluating each drug's antimicrobial spectrum, 
pharmacological characteristics and side effects, thus 
reducing the likelihood of selecting drug-resistant 
bacteria during therapy. In order to limit the develop- 
ment of resistance, the duration of antibiotic treat- 
ment should be limited to the shortest effective course 
of therapy (Dugan et al., 2003). With the exception of 
immunosuppressed patients, or those with deep in- 
fections to which drug penetration may be limited, e.g. 
pyelonephritis, endocarditis and osteomyelitis, a 
10-day course of an appropriate antibiotic(s) is 
frequently sufficient for the eradication of most aero- 
bic pathogens without jeopardizing patient outcome. 


Pathogen identification and 
susceptibility data 


Drug selection is simplified once a pathogen is identi- 
fied and susceptibility data are available (Jones, 2006). 
Properly collected samples should be obtained for 
culture before antimicrobial therapy is initiated. Avoid- 
ance of contamination, adequacy of sampling and 
preservation of viability are critical factors in speci- 
men collection and handling. Bacterial culture may 
be performed on body fluids (cerebrospinal fluid 
(CSF), urine, blood, pleural, peritoneal or joint fluid), 
wounds, bronchial secretions, or aspirates and biopsy 
specimens of normally sterile organs. Both blood and 
urine should be submitted for culture in patients with 
suspected sepsis. As a general rule, the best sam- 
ples for the microbiology laboratory are liquid speci- 
mens. Swabs should be avoided whenever possible, 
since these tend to dry out and swab fibres may be 
deleterious to some bacteria. When swab samples 
are obtained, they should be placed in an appropri- 
ate transport medium or a humidified transport cham- 
ber to prevent desiccation. 


Urine and stool should be transported in sealed, 
sterile containers and refrigerated if not processed 
within 1 hour of collection. The results of a ‘faecal cul- 
ture’ may be misleading as the identification of nu- 
merous Escherichia coli or other normal intestinal 
inhabitants is expected and generally represents nor- 
mal floral colonization as opposed to polymicrobial 
infection. Faecal enteric panels, involving both faecal 
cultures and toxin assays, may document infection 
with one of four possible enteric pathogens, namely 
Clostridium difficile, C. perfringens, Salmonella and 
Campylobacter spp., although these pathogens may 
also be isolated from asymptomatic pets (Cave et al., 
2002). Other than urine and stool, most specimens, 
including blood and CSF, may be kept at room tem- 
perature if processing is delayed. 

Fluid specimens that may harbour pathogenic 
anaerobic bacteria should be collected in a syringe, 
from which the air is immediately expressed and the 
end of the needle plugged with a rubber stopper. Al- 
ternatively the contents of the syringe may be placed 
in an anaerobic transport tube. Tissue specimens 
should be placed in designated anaerobic transport 
containers. Certain aerobic and facultatively anaero- 
bic organisms will not grow on standard culture me- 
dia, and if a particular pathogen is suspected, e.g. 
Mycoplasma, the laboratory should be contacted be- 
fore the specimen is collected to ensure appropriate 
handling before transport. 

Opportunistic fungal organisms are a frequent 
source of morbidity in human ICU patients, and are 
increasingly resistant to antifungal agents. Infections 
with saprophytic fungi, e.g. Candida and Aspergillus 
spp., may be under-recognized in veterinary patients. 
Although these organisms are ubiquitous and gener- 
ally non-pathogenic, they may cause significant mor- 
bidity in immunocompromised patients with altered 
commensal flora due to underlying disease or pro- 
longed antibiotic therapy. Some, though not all, 
filamentous fungal organisms will grow on standard 
bacterial growth media. Several weeks may be re- 
quired for identification and susceptibility testing, how- 
ever, and documentation of their presence does not 
distinguish infection from colonization. 

In-house examination of Wright-Giemsa or Gram- 
stained slides of fluid samples or tissue impression 
smears should be performed when possible. Initial mi- 
croscopic findings may allow preliminary suppositions 
about the pathogen well before culture and suscepti- 
bility data are available. The observation of a mono- 
morphic population of Gram-positive cocci should 
prompt selection of drugs suitable for these organ- 
isms. If three or more bacterial forms are identified on 
cytology, sample contamination or anaerobic infec- 
tion should be suspected and repeat sampling is 
warranted. Cytological preparations that reveal degen- 
erate leucocytes and phagocytosed bacteria are con- 
sistent with infection, as opposed to colonization. This 
is an important distinction, since a culture result can- 
not distinguish between the two, and bacterial coloni- 
zation, in contrast to active infection, does not require 
specific therapy. 

Newer diagnostic methods show promise of per- 
mitting more rapid confirmation of bacterial infection. 
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For example, studies of polymerase chain reaction 
(PCR) technology have demonstrated encouraging 
results in clinical veterinary patients (Brown et al., 
2005), but are available at very few institutions. While 
turnaround time for results is typically quicker than 
traditional methods, it is not clear whether these rapid 
diagnostic techniques will be able to discriminate colo- 
nization from infection. 

The time needed to grow, isolate and identify differ- 
ent organisms varies considerably. The most common 
aerobic pathogens grow rapidly, and preliminary reports 
can be expected from the laboratory within 24 hours. 
Anaerobes generally grow more slowly and plates 
are not examined for 48 hours. The disc-diffusion, or 
Kirby—Bauer, method is the most commonly applied 
technique for susceptibility testing in the clinical labo- 
ratory. This method is suited to screening large num- 
bers of organisms but provides only semiquantitative 
information, and is not applicable to slow-growing or 
fastidious organisms. Quantitative susceptibility test- 
ing, or tube dilution, is usually performed by making 
two-fold dilutions of the test antibacterial agent in a 
liquid culture medium, inoculation with a standard 
number of microorganisms and incubation for 18-24 
hours. The least amount of antibacterial that inhibits 
visible growth of the microorganism is the minimum 
inhibitory concentration (MIC). The MIC is not a meas- 
ure of efficacy per se; it is simply an in vitro measure- 
ment of bacterial susceptibility. 

In the USA, all veterinary and human microbiology 
laboratories utilize guidelines produced by the Clinical 
Laboratory Standards Institute (CLSI, previously the 
National Committee on Clinical Laboratory Standards 
(NCCLS)). CLSI interpretive results are based on the 
published breakpoint MIC. The breakpoint is the con- 
centration of antibiotic that separates susceptible from 
resistant bacteria, and generally reflects the concen- 
tration of the drug that will be achieved in plasma fol- 
lowing administration of the recommended dose. Once 
the MIC for a bacterial isolate is determined for a par- 
ticular antibiotic, it is then compared to published 
breakpoints to determine whether the isolate is sus- 
ceptible or resistant (or intermediately susceptible, in 
some cases). The spectrum of an antibiotic is essen- 
tially based on this breakpoint; without established 
breakpoints, MIC values are meaningless. If the 
majority of isolates of a given species are inhibited at 
concentrations below the breakpoint, the species is con- 
sidered to be within the spectrum of the drug. 

If CLSI protocols are employed, the breakpoint 
of a drug should be the same for any laboratory. 
Veterinary-specific breakpoints have been established 
for some but not all antibiotics. Otherwise, human in- 
terpretive criteria are applied, which may not always 
be relevant to our patients. If the MIC necessary to 
inhibit the organism is well below the breakpoint, this 
organism is considered susceptible (S). As the MIC 
approaches the breakpoint, the organism is considered 
to have intermediate (1) susceptibility. The organism is 
considered resistant (R) to the drug if the MIC equals 
or surpasses the breakpoint, since it is unlikely that 
effective concentrations of the drug will be achieved 
in plasma or tissue. Data that include MIC values 
(rather than simply an S, | or R designation) can be 
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particularly helpful in assessing the degree of suscep- 
tibility of an organism to a drug. Intermediate suscepti- 
bility implies that, although standard dosing may not 
be effective, in some circumstances higher doses might 
be efficacious. The further the MIC of the organism is 
from the breakpoint, the more likely it is that effective 
concentrations will be achieved in plasma. The distance 
between the MIC of the organism and the breakpoint 
becomes even more important when infections are 
located in tissues other than blood or urine, particularly 
in regions that are difficult to penetrate (prostate, eye, 
central nervous system (CNS)) or when host responses 
have a negative impact on antimicrobial efficacy. 
Examples include the presence of marked inflamma- 
tory debris, fibrosis, or an anaerobic environment. 
The rate of kill for some antibiotics is closely re- 
lated to the peak concentration achieved above break- 
point (concentration-dependent activity), while others 
have kill rates that correlate with the length of time drug 
concentrations are maintained above the breakpoint 
MIC (time-dependent activity). Penicillins, cephalo- 
sporins, macrolides and clindamycin are all character- 
ized by time-dependent killing. Aminoglycosides and 
fluoroquinolones show concentration-dependent activ- 
ity (Figure 24.1). Concentration-dependent antibiotics 
may be assessed by the ratio of peak serum antibiotic 
concentration (C,,,,) to MIC. It is generally accepted 
that antibiotic concentrations should be eight to ten 
times the MIC, although this may not always be possi- 
ble for bacteria with a high breakpoint because of drug 
toxicity. For time-dependent drugs, plasma drug con- 
centrations should remain above the MIC for the 
majority of the dosing interval. High peak serum con- 
centrations do not appear to confer any additional ben- 
efit for time-dependent drugs. However, increasing 
the frequency of administration would be expected to 
enhance the efficacy of a time-dependent drug. Given 
this information, it is logical to suggest that time- 
dependent drugs with short half-lives may be more 
effectively administered as a CRI to ensure that the 
plasma concentration exceeds the MIC for the entire 


Peak/MIC 


Concentration 
Concentration 


MIC 
Time Time 


Time-dependent antibiotics 
Optimal activity associated 
with serum concentrations 
exceeding MIC (red line), 
usually for 275% of dosing 


Concentration-dependent 
antibiotics 
Optimal activity corresponds 
with peak serum concentration 
Examples: 

Aminoglycosides interval 


Examples: 
Beta-lactams 
Clindamycin 
Macrolides 


f 24.1 | Concentration-dependent vs time-dependent 
drugs: pharmacokinetic/pharmacodynamic 
profiles as predictors of bacterial eradication 

(MIC, minimum inhibitory concentration). 


Fluoroquinolones 
Metronidazole 
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‘interval’. However, studies in humans comparing 
the use of continuous infusion of beta-lactams with 
intermittent boluses reported similar microbiological 
and clinical outcomes. Comparable studies are lack- 
ing in veterinary medicine. 

Some antimicrobials may still be effective if the 
plasma drug concentration drops below the MIC. 
These drugs exhibit a post-antibiotic effect (PAE), such 
that bacterial growth is inhibited after a brief expo- 
sure to the drug (Jernigan et al., 1988). Thus, it is not 
necessary to maintain plasma drug concentrations 
above the MIC for the entire dosing interval. The im- 
pact of the PAE is most profound for concentration- 
dependent drugs, as it allows some of them to be 
administered at extended intervals, i.e. once daily for 
the aminoglycosides and fluoroquinolones (Figure 
24.2). The PAE varies with each drug, and each or- 
ganism. The duration of the PAE is in large part de- 
pendent on the magnitude of the peak plasma drug 
concentrations, and may be enhanced by combina- 
tion antimicrobial therapy with a beta-lactam agent. 
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| 24.2 | Pharmacology of concentration-dependent 
drugs: hypothetical serum drug levels 
following intravenous administration of an aminoglycoside 
or fluoroquinolone (C maximum drug concentration; 
PAE, post-antibiotic effect; MIC, minimum inhibitory 
concentration). 


The in vitro conditions under which susceptibility 
data are collected may vary considerably from those 
existing at the site of infection. Thus, MIC should be 
viewed as a rough guide to the likelihood of success 
or failure of treatment for that particular organism. 


Reasons for therapeutic failure 


Several factors can cause failure to respond to anti- 
microbial therapy. The most obvious cause is misdiag- 
nosis; either identification of the wrong pathogen or 
treatment of a disorder that is not caused by a bacte- 
rial agent. In addition, the microbe may be resistant 
to the antibiotic or resistance may develop during the 
course of therapy, necessitating reassessment of in 
vitro susceptibility testing. Therefore, empirical 
changes may be made when culture reports are not 
available and the initially chosen antibiotic appears to 
be ineffective. The drug may be effective in vitro but 


may not reach the site of infection in the host, or may 
be neutralized at the site of infection by ionization, 
binding to inflammatory debris, destruction by micro- 
bial enzymes and/or an anaerobic environment. 

Surgical drainage or debridement may therefore 
be critical to successful antimicrobial therapy, espe- 
cially for patients with closed-space infections or in- 
fections associated with foreign material. Notably, 
implanted materials have significant potential for 
incurring biofilm infection. Biofilms are antibiotic- 
resistant colonizations of bacteria that attach to sur- 
faces and form a slime-like barrier that acts as a for- 
midable defence mechanism, protecting the bacteria 
from eradication. The polysaccharide-containing 
biofilm matrix protects the bacteria and, thereby, in- 
creases resistance to humoral immunological re- 
sponses, as well as to the phagocytic activity of 
neutrophils and tissue macrophages. Biofilms form 
rapidly on vascular catheters, urinary catheters and 
endotracheal tubes, necessitating not only aseptic 
technique at the time of placement, but vigilant hy- 
giene and scheduled exchange or removal of these 
devices in critically ill patients. 

Lastly, superinfection may contribute to therapeu- 
tic failure. Superinfection develops as resistant micro- 
organisms proliferate and is more likely to occur 
following the use of broad-spectrum regimens, due to 
loss of commensal microbes which otherwise keep 
proliferating microorganisms in check. 

Many causes of antimicrobial failure can be mini- 
mized by using the appropriate drug dose, interval 
and route of administration. 


Changing patterns of resistance in 
selected species 


The safety and efficacy of most antimicrobials has led 
to the false perception that antimicrobial prescriptions 
are at worst a neutral therapeutic choice and that anti- 
biotics may help but will not harm the patient. How- 
ever, the irrepressible increase in antimicrobial 
resistance over the past decade is in large part a re- 
sult of widespread and inappropriate prescription of 
these agents (Lloyd et a/., 1999). The factors involved 
in antimicrobial resistance in the ICU appear at first 
to be quite complex but are, at their heart, relatively 
simple: almost all antimicrobial resistance results from 
the convergence of two factors — poor infection con- 
trol and selective pressure from antimicrobial agents. 

Unfortunately, multiple-drug-resistant opportunistic 
pathogens have become endemic to the veterinary hos- 
pital environment (Normand et al., 2000; Guardabassi 
et al., 2004). Resistance is growing for several reasons: 


* The availability of medical advances (such as 
chemotherapy, mechanical ventilation, peritoneal 
or haemodialysis and organ transplantation) in 
veterinary medicine permits us to treat a greater 
number of critically ill patients. This likely 
correlates with immunological incompetence, 
decreased mobility and increased use of 
invasive devices which predispose to infections 
of the lungs, urinary tract and blood stream 
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+ Antibiotics are often prescribed prophylactically, 
in some cases reducing the risk of specific 
infections at the price of increasing the risk that 
infections which do occur will be due to resistant 
organisms 

+ Severely ill patients tend to be clustered in the 
hospital. The relative crowding in these areas 
promotes the spread of bacteria among 
susceptible patients if appropriate infection 
control is not practised. 


Gram-negative bacteria 

Resistance is common among opportunistic Gram- 
negative bacteria, especially the Enterobacteriaceae 
(Escherichia coli, Klebsiella, Proteus and Entero- 
bacter) and Pseudomonas aeruginosa. P. aeruginosa 
is one of the most resistant organisms encountered 
in the ICU, and infections with this organism are par- 
ticularly problematic because of their intrinsic resist- 
ance to multiple classes of antibiotics and their ability 
to acquire adaptive resistance during therapy. Other 
non-fermenting Gram-negative bacteria, including 
nosocomial Acinetobacter and Stenotrophomonas, 
are often resistant to numerous antibiotics (Francey 
et al., 2000). Extended spectrum beta-lactamase 
(ESBL)-producing Gram-negative bacteria are a 
growing concern in human medicine. When produc- 
ing these enzymes, organisms (most commonly 
Escherichia coli and K. pneumoniae) become highly 
efficient at inactivating the newer third-generation 
cephalosporins. Significantly, ESBL-producing 
bacteria are frequently also resistant to many classes 
of non-beta-lactam antibiotics, resulting in infections 
that are difficult to treat. At present, some ESBL- 
producing bacteria retain susceptibility to 
carbapenems, cefoxitin and cefotetan. Isolates are 
usually not capable of destroying clavulanic acid and 
thus should retain susceptibility to combinations 
with this drug. ESBL-producing bacteria have been 
isolated from veterinary patients, although thorough 
incidence and epidemiology studies are lacking. Clini- 
cal outcome data in humans indicate that ESBLs 
are Clinically significant in terms of complication rates 
and mortality in critical illness, and the same is likely 
to hold true for veterinary patients. 


Gram-positive bacteria 


Staphylococci 

While the focus of antibiotic resistance has tradition- 
ally been on enteric Gram-negative organisms, highly 
resistant Gram-positive cocci have emerged as an 
equally challenging concern (Boag et al., 2004; 
Weese et al., 2006). Methicillin-resistant Staphylo- 
coccus spp. (MRS) and multiple-drug-resistant En- 
terococcus spp. are present-day scourges in human 
ICUs, and have both been identified in dogs and cats 
(Pressel et al., 2005). 

The incidence of methicillin-resistant Staphylococ- 
cus aureus (MRSA) infections in human ICU patients 
has dramatically increased in recent years. Compared 
with methicillin-sensitive Staphylococcus aureus, 
MRSA infections are associated with increased 
morbidity and mortality. MRSA is being increasingly 


isolated from companion animals, especially in con- 
junction with hospitalization and immunosuppression 
(Duquette and Nuttall, 2004; Middleton et al., 2005). 
Methicillin and oxacillin are members of a class 
of antibacterials known as the semi-synthetic 
penicillinase-resistant penicillins. Oxacillin is used 
as a Surrogate in microbiology labs to test the sus- 
ceptibility of bacteria to this entire class of anti- 
bacterials. Thus, if a staphylococcal organism is 
resistant to oxacillin, it is by definition resistant to 
methicillin. Moreover, methicillin (oxacillin) resistance 
implies resistance to all beta-lactam drugs, even if in 
vitro susceptibility data suggest otherwise. Addition 
of a beta-lactamase inhibitor will not overcome 
methicillin resistance. Among clinically infected ani- 
mals, wounds are the most commonly reported sites 
of infection with MRSA, with fewer intravenous cath- 
eter site, urinary tract, skin and pulmonary infections 
(O'Mahony et al., 2005). As MRSA spreads, human 
physicians are left with an increasingly limited number 
of effective drugs. At the present time, not all MRSA 
infections are highly resistant, with some veterinary 
MRSA isolates retaining susceptibility to chloram- 
phenicol and the potentiated sulphonamides. How- 
ever, there is increasing resistance to clindamycin and 
the fluoroquinolones, once considered valuable in the 
management of staphylococcal infections. If they are 
selected, correct prescribing of fluoroquinolones is 
mandatory in this setting, as resistance among sta- 
phylococci to these drugs is facilitated by suboptimal 
dosing. Vancomycin has remained the most consist- 
ently effective approved drug for these infections in 
humans. However, this last line of defence is in itself 
a concern as vancomycin-resistant staphylococci 
have been identified in the UK, Asia and the USA. 
Other antibiotics currently used in the treatment of 
MRSA include linezolid, daptomycin and quinupristin/ 
dalfopristin, none of which has been evaluated suffi- 
ciently in veterinary patients, therefore therapy with 
any of these agents cannot be advocated at this time, 
and is strongly discouraged. 

Dogs are not considered a natural reservoir spe- 
cies for Staphylococcus aureus. Thus the most plau- 
sible explanation for colonization and/or infection of 
animals by this organism is transmission from humans. 
In one study, the most frequently occurring pattern of 
MRSA in small animals was indistinguishable from that 
of the human population in the same region. While 
much emphasis has been placed on the possibility of 
transmission of resistance from dogs or cats to 
humans, animals belonging to medical or veterinary 
personnel may be at more risk of being colonized with 
MRSA from contact with infected or colonized humans 
(Baptiste et al., 2005). Colonized pets may go on to 
develop infection or may serve as a source of spread 
of the organism to other animals or humans (Weese 
et al., 2006). The duration of asymptomatic carriage 
of MRSA by pets is not known at this time, posing a 
potential health risk to owners and veterinary staff. 
However, while humans may remain colonized for 
extended periods of time, it is unknown how long dogs 
and cats may remain colonized with MRSA. The need 
to treat animals colonized rather than infected with 
MRSA is debatable. Given the increasing emergence 
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of multiple-drug-resistant isolates, it is essential to 
establish whether a patient is infected rather than 
colonized with MRSA before initiation of systemic 
antibiotic treatment. 

S. aureus is not the only member of its genus that 
can be resistant to methicillin. Methicillin-resistant Sta- 
phylococcus intermedius (MRSI) and Staphylococcus 
schleiferi (MRSS) have both been isolated from 
humans and companion animals. Such resistance 
patterns appear to be more prevalent in hospital set- 
tings. To minimize transmission of resistant pathogens, 
practice protocols regarding hygiene of the staff and 
premises must be strictly implemented. Patients with 
methicillin-resistant infections should be isolated and 
handling should be minimal, using barrier precautions. 
Culture and susceptibility testing of affected tissue(s) 
is imperative, as the number of antimicrobial agents 
available for the treatment of MRS infections is often 
limited. Commercial laboratories should test all 
beta-lactam-resistant staphylococcal isolates for sus- 
ceptibility to potentiated sulphonamides, chloram- 
phenicol, clindamycin and tetracyclines. While 
awaiting the results of culture and susceptibility test- 
ing, chloramphenicol, potentiated sulphonamides or 
doxycycline may be prescribed for dogs with sus- 
pected MRSA infection. 


Enterococci 

Enterococci are commensal bacteria that inhabit the 
intestinal tract of dogs, cats, humans and other mam- 
mals (Devriese et al., 1996; Simjee et al., 2002). 
Pertubations in the host-commensal relationship, 
such as antibiotic treatment, host injury or diminished 
host immunity, allow these intestinal bacteria to cause 
infection in extraintestinal sites. Until recently patho- 
genic enterococcal infections were considered uncom- 
mon in veterinary medicine (Jackson et al., 1994). 
However, antimicrobial-resistant Enterococcus spp. 
are now the second most common organisms recov- 
ered from nosocomial wound and urinary tract in- 
fections in human ICUs. Multiple-drug-resistant 
enterococcal infections are sporadically documented 
in dogs and cats, most commonly from surgical 
wounds and the genitourinary tract (Leener et al., 
2005). The majority of infection-derived clinical iso- 
lates belong to the species E. faecalis, while 
E. faecium exhibits a disproportionately greater resist- 
ance to multiple antibiotics. 

One of the major reasons for the survival of these 
organisms is their intrinsic resistance to several com- 
monly used antibiotics and, perhaps more important, 
their ability to acquire resistance to all currently avail- 
able antibiotics. Pathogenic enterococci are inherently 
resistant to sulphonamides, cephalosporins and most 
fluoroquinolones. Enterococci with acquired resistance 
to macrolides, lincosamides and tetracyclines have 
been isolated from asymptomatic cats and dogs, rais- 
ing concerns about selective pressure associated with 
the use of these agents. 

When resistant enterococci are present in wound 
or body cavity infections, the organism may co-exist 
with other bacteria such as Gram-negative bacilli or 
anaerobes. Optimally, a single drug or combination 
of two drugs would be identified to eradicate both 


bacteria, but this is not always easily accomplished. 
For practical purposes, it reasonable to direct initial 
treatment at the Gram-negative bacillus or anaer- 
obe and not at the Enterococcus, while monitoring 
the patient closely for evidence of clinical improve- 
ment. Treatment of enterococcal infections is often 
frustrating, given the limited drug choices. If the 
isolate is sensitive to penicillin, ampicillin should 
be administered at the high end of the dose range, 
ideally in combination with an aminoglycoside. Each 
drug alone is poorly bactericidal against enterococci. 
Chloramphenicol is one of the few agents that retain 
in vitro activity against many strains of multiple- 
drug-resistant E. faecium. In veterinary medicine 
vancomycin is considered the drug of last resort in 
the treatment of multiple-drug-resistant enterococcal 
infections. Other recently approved agents with 
activity against vancomycin-resistant enterococci 
include the oxazolidondiones, ketolides and 
glycylcyclines. These agents are not routinely 
prescribed by veterinary surgeons, and susceptibil- 
ity results are not commonly reported by most 
veterinary laboratories at this time. 


General infection control measures 


In addition to rational prescription of antimicrobials in 
the ICU, a major emphasis should be on adequate 
infection control procedures to prevent transmission 
among hospitalized patients. The importance of hand 
washing before and after handling an ICU patient can- 
not be overemphasized, since the hands of health care 
workers are considered to be the major source of 
transmission of pathogens. Careful attention to bar- 
rier precautions for preventing the nosocomial spread 
of resistant bacterial strains must also be stressed. 
Contaminated medical devices or environmental sur- 
faces may also contribute to transmission, particularly 
of organisms that survive for prolonged periods on 
inanimate surfaces. As such, it is imperative that ICUs 
implement a thorough disinfection protocol and have 
in place a means of identifying patients infected with 
multiple-drug-resistant or nosocomial pathogens. 


Pharmacological considerations for 
critical illness 


Critically ill patients often present with complex physi- 
ological derangements that may affect antimicrobial 
distribution and elimination. The inflammatory re- 
sponse associated with sepsis/systemic inflamma- 
tory response syndrome (SIRS) may result in altered 
vascular permeability, decreased serum albumin lev- 
els, large fluid shifts and variable cardiac output, 
which in turn result in increased drug clearance. 
Unless these effects are offset by concomitant renal 
or hepatic impairment with subsequent drug accu- 
mulation, antibiotic levels may be too low for optimal 
efficacy. Most significant among the pathophysiologi- 
cal changes associated with severe bacterial infec- 
tion are alterations in drug volume of distribution (Vd) 
and clearance. 
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An increase in Vd essentially corresponds to dilu- 
tion of the antimicrobial in plasma and other extracel- 
lular fluids, and is of most relevance for the hydrophilic 
antimicrobials (beta-lactams and aminoglycosides). 
Causes of increases in Vd include vascular leak syn- 
dromes or decreased intravascular oncotic pressure 
associated with hypoproteinaemia. These processes 
may promote fluid extravasation and are responsible 
for oedema and loss of fluid into body cavities. Stud- 
ies of the pharmacology of a variety of drugs suggest 
that higher doses (aminoglycosides and beta-lactams) 
or increased frequency of administration (beta- 
lactams) should be considered to ensure that thera- 
peutic blood concentrations are reached in critically 
ill patients with oedema. Aggressive intravenous fluid 
therapy and parenteral nutrition may similarly contrib- 
ute to the expansion of extracellular volume and cause 
dilution of antimicrobials in the extracellular compart- 
ment, potentially resulting in therapeutic failure. Both 
pleural and peritoneal transudative effusions may be 
responsible for a higher Vd for hydrophilic anti- 
microbials, but the precise impact of intracavitary drug 
dilution in patients with septic pleural or peritoneal 
exudates is less clear. 

Impairment of renal and hepatic function results in 
prolongation of drug half-life, decreased clearance and 
drug accumulation. The effects of liver dysfunction on 
antibiotic concentrations are not well characterized. For 
most antibiotics, hepatic metabolism is limited and pro- 
tein binding is low enough to make no difference to 
their effectiveness. However, patients with severe 
hepatic disease may require dose adjustments for anti- 
biotics metabolized by the liver (chloramphenicol, sul- 
phonamides, clindamycin, metronidazole, doxycycline, 
cefotaxime and erythromycin). 

Renal excretion is the major route of elimination 
of most antibiotics. It is therefore not surprising that 
renal insufficiency can profoundly impact their dispo- 
sition. With reduced renal clearance the parent drug 
and/or its metabolites may accumulate and cause tox- 
icity. The Vd of some antibiotics is altered with renal 
insufficiency. Fluid retention characteristic of renal 
failure alters the Vd of drugs that are predominantly 
distributed to extracellular water. 

In patients with renal dysfunction, protein binding 
of acidic drugs may be affected by accumulation of 
organic solutes, which displace acidic drugs from their 
albumin binding sites. While it is difficult to predict the 
absolute changes in protein binding in an individual 
patient, in patients with renal dysfunction therapeutic 
concentrations of many drugs may be achieved at 
lower doses than in normal animals. Acid—base 
derangements, fluid depletion and electrolyte changes 
may also be associated with renal failure. Administra- 
tion of sodium- or potassium-containing antimicrobials, 
such as sodium ampicillin or potassium penicillin, may 
result rarely in sodium overload or potassium-induced 
cardiac or neuronal disturbances. Acidosis has been 
shown to increase ionic binding of aminoglycosides, 
increasing accumulation in the renal tubules, possi- 
bly enhancing nephrotoxicity. 

In veterinary medicine there are no uniformly 
accepted formulae for dosage adjustments in renal 
failure. Ideally, therapeutic drug monitoring should 
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be carried out in each patient, but this is only possi- 
ble with some drugs, and in general it is impractical 
and cost-prohibitive. In hospitalized human patients, 
drug dosages are based on frequent estimates of 
creatinine clearance that take into account lean 
body weight, gender and age, amongst other fac- 
tors. Similar formulae have not been validated in 
veterinary medicine. As a general rule, either drug 
dosages may be reduced while the interval is main- 
tained, or the drug dose is maintained but the inter- 
val is extended. Interval extension is the preferred 
method for adjusting doses of aminoglycosides, 
which have a long PAE and ideally should have a 
low trough concentration. The dose-reduction method 
is preferred for adjusting doses of beta-lactams, in 
which maintaining plasma drug concentrations 
above MIC correlates with efficacy. Moreover, the 
beta-lactams are relatively non-toxic, even if accu- 
mulation occurs. To decide which method to use, 
determine whether antimicrobial efficacy and toxic- 
ity are related to peak, trough, or average plasma 
concentrations, and then select the method that 
balances efficacy against potential toxicity. The 
package insert on many human pharmaceuticals of- 
ten provides guidelines for adjusting doses. With sig- 
nificant renal impairment, selection of an antibiotic 
that is metabolized by the liver and excreted in bile 
rather than eliminated by the kidneys, (e.g. doxycy- 
cline) should be considered. 

In addition to the intrinsic pharmacokinetic and 
pharmacodynamic properties of the antibiotic, other 
factors can affect response to therapy, including host 
defence mechanisms, site of infection and underlying 
disease (Figure 24.3). Inadequate penetration of drug 
to the infection site is one of the principal factors re- 
lated to failure of antibiotic therapy. When evidence 
of infection persists, removal of vascular and urinary 
catheters is recommended, given their propensity for 
biofilm development. Similarly, successful treatment 
of osteomyelitis is determined as much by adequate 
surgical debridement as it is by appropriate antibiotic 
selection. In meningitis, the ability of antibiotics to 
cross the blood-brain barrier is an important consid- 
eration. In other patients, the relative concentrations 
achieved in bronchial secretions and lung tissue may 
be of particular interest. For example, beta-lactams 
and aminoglycosides do not efficiently penetrate bron- 
chial secretions; therefore, pulmonary infections may 
require higher drug doses. In contrast, macrolides, 
fluoroquinolones and doxycycline predictably cross the 
blood—bronchus barrier at recommended doses and 
thus achieve adequate concentrations in respiratory 
epithelial fluid. 

Most bacterial infections are located extra- 
cellularly in the host, and can be reached by the 
majority of water-soluble drugs. However, some 
pathogenic organisms reside within the cell (Brucella, 
Rhodococcus, Salmonella, Chlamydophila, Rickett- 
sia and Bartonella spp.) and as a result only lipid- 
soluble drugs are able to cross the cell wall and reach 
therapeutic levels at the site of infection. Antibiotics 
that predictably achieve high intracellular concen- 
trations include macrolides, lincosamides and 
fluoroquinolones. 


Bacterial 
pneumonia 


Intra-abdominal 
sepsis 


Pasteurella multocida 


Bacteroides spp., 
Escherichia coli, Proteus 
spp., Enterobacter, 
Enterococcus Spp., 
Pseudomonas spp. 
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One of: 
Cefazolin (ist) 
Ampicillin 
Ticarcillin-clavulanate 
Amoxicillin-clavulanate 
AND one of: 
Amikacin 
Gentamicin 
Enrofloxacin 


The importance of Mycoplasma in respiratory 
infections remains controversial. Whether 
antibiotics should be given by aerosol for 
respiratory infections remains uncertain 


Doxycyline or azithromycin for juvenile 
patients with B. bronchiseptica pneumonia 


Cefoxitin (2nd) 
Imipenem-cilastatin 
Or one of: 
Ampicillin-sulbactam 
Amoxicillin-clavulanate 
Ticarcillin—clavulanate 
Piperacillin-tazobactam 
AND one of: 
Amikacin 
Gentamicin 
Cefotaxime (3rd) 


Infective 
endocarditis 


Enterococcus spp., 
Klebsiella spp., Bartonella 
spp. 


One of: 
Ampicillin-sulbactam 
Amoxicillin-clavulanate 
Ticarcillin—-clavulanate 
Cefazolin (1st) 

AND one of: 

Gentamicin 
Amikacin 


Bacterial 
meningitis 


Staphylococcus spp., 


Streptococcus spp., 
Pasteurella spp., Proteus 
spp., Nocardia spp., 
Actinomyces spp. 


One or more of: 
Ceftriaxone (3rd) 
Cefotaxime (3rd) 
Ampicillin 


Enrofloxacin 


Assume presence of facultative enteric 
Gram-negative bacteria and anaerobes. 
Peritoneal irrigation with antibiotic solutions is not 
recommended. Consider addition of 
metronidazole for obligate anaerobic pathogens 


Collect at least three sets of blood cultures over 
24 hours. Diagnosis of Bartonella relies on 
positive serology or PCR 


Primary bacterial CNS infections are rare in 
companion animals. Consider protozoal aetiology 
in both dogs and cats. Adjunctive glucocorticoid 
administration remains controversial in veterinary 
medicine 


Trimethoprim-sulfadiazine 


Clindamycin 


Urinary tract 
infection 
Pyelonephritis 
Urosepsis 


Escherichia coli, Proteus 
spp., Enterobacter spp., 


One or more of: 
Ampicillin 
Ampicillin-sulbactam 
Enrofloxacin 
Cefazolin (1st) 
Amikacin 


Surgical wound 
Infections 


Escherichia coli, 
Pasteurella spp., 
Bacteroides fragilis, 
Enterococcus spp., 


One or more of: 
Ampicillin-sulbactam 
Amoxicillin-clavulanate 
Cefazolin (1st) 
Clindamycin 
Gentamicin 
Enrofloxacin 


Primary urinary tract infections are uncommon in 
cats. In intact male dogs, always assume prostatic 
involvement. Use aminoglycosides with caution in 
patients with renal dysfunction 


Consider adding cefoxitin or metronidazole if 
anaerobic infection suspected 


Common bacterial pathogens and empirical antibiotic choices for selected syndromes in critical illness. 
Empirical antibiotic selection should always be accompanied by appropriate culture and susceptibility testing 


and the selection modified based on the results (1st, first-generation cephalosporin; 2nd, second-generation 


cephalosporin; 3rd, third-generation cephalosporin). 


Specific drug classes 
Commonly used antibiotics are listed in Figure 24.4. 


Beta-lactams 

The beta-lactams include the penicillins, cephalosporins, 
monobactams and carbapenems, which all contain an 
active beta-lactam ring in their chemical structure. The 
beta-lactams have a slow continuous kill characteristic, 


and are thus classified as time-dependent drugs: their 
efficacy depends on the percentage of the dosage inter- 
val for which plasma and tissue drug concentrations re- 
main above the MIC of the offending organism (T>MIC). 
The optimal length of time for which drug levels should 
exceed MIC is not known, but for most beta-lactam 
agents it is commonly recommended that plasma con- 
centrations should exceed the MIC of the organism for 
>75% of the dosing interval. 
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Ampicillin 22 mg/kg i.v. q6-8h Administer slowly over 15 minutes. 
Incompatible with dopamine and sodium bicarbonate 

Ampicillin—sulbactam 22 mg/kg i.v. q8h Administer slowly over 15 minutes 

Amoxicillin-clavulanate | 20mg/kg i.v. q8h Administer slowly over § minutes 

Amikacin 15-18 mg/kg i.v. q24h Dilute with 0.9% NaCl to a concentration of 5 mg/ml and administer over 20-30 
minutes. Incompatible on mixing with many beta-lactams, heparin, potassium 
chloride and dexamethasone 

Azithromycin 5-10 mg/kg i.v. q24h Dilute to a concentration of 5 mg/ml and administer slowly over 1-2 hours 

Aztreonam 30 mg/kg i.v. q8-12h Extrapolated from human dose recommendations. Dilute to final concentration of 


20 mg/ml and administer over 30-60 minutes. Contraindicated with renal 
impairment. Limited information in companion animals 


Cefazolin 22 mg/kg i.v. q6-8h Slow intravenous administration over 5 minutes 

Cefepime 40 mg/kg i.v. q6h Incompatible with ampicillin, heparin and potassium chloride. Reconstitute with 
0.9% NaCl or 5% dextrose. Slow intravenous administration over 30 minutes 

Cefotaxime 50 mg/kg i.v. q6-8h Dilute to final concentration of 100 mg/ml and administer over 15-30 minutes 

Cefotetan 30 mg/kg i.v. q8h Reconstitute with sterile water. Intravenous administration over 15-30 minutes. 
Incompatible with aminoglycosides 

Cefoxitin 30 mg/kg i.v. q6-8h Reconstitute with sterile water. Dilute to final concentration of 100 mg/ml and 
administer slowly over 15-30 minutes 

Ceftazidime 30 mg/kg i.v. q4-6h Reconstitute to 100 mg/ml with sterile water, 5% dextrose or 0.9% NaCl. Infuse 
over 5-10 minutes. Incompatible with bicarbonate-containing fluids. Reduce dosing 
with renal impairment 

25-50 mg/kg i.v. q12-24h No dosing adjustment necessary with renal or hepatic dysfunction. Reconstitute to 

a final concentration of 100 mg/ml and administer over 20-30 minutes. 
Incompatible with metronidazole and vancomycin 

Cefuroxime 20-40 mg/kg i.v. q8h Administer slowly over 5 minutes 

Chloramphenicol 40-50 mg/kg i.v. q8h (dogs) Avoid long-term usage in cats 

12.5-20 mg/kg i.v. q12h (cats) 

Clindamycin 10 mg/kg i.v. qi2h Given as slow infusion following dilution 

Doxycycline 5-10 mg/kg i.v. q12h Reconstitute with 0.9% NaCl to a final concentration of 1 mg/ml. Administer over 
1 hour 

Enrofloxacin 10-20 mg/kg i.v. q24h (dogs) Dilute 1:1 with 0.9% NaCl and infuse over 30 minutes 


5 mg/kg i.v. q24h (cats 


Gentamicin 6.6-8.8 mg/kg i.v. q24h Dilute 1:1 with 0.9% NaCl and administer over 20-30 minutes. Do not mix with 


heparin or beta-lactams 


Imipenem-cilastatin 5-10 mg/kg i.v. q6h Contents of vials not for direct infusion. Reconstitute with 100 ml 5% dextrose or 
0.9% NaCl. Transfer 10 ml from 100 mi bag of infusion solution to vial. Agitate and 
return resulting 10 mi to remaining 90 ml of solution. Administer over 30-60 


minutes 
Meropenem 22 mg/kg i.v. qi2h Reconstitute to 50 mg/ml with sterile water. Infuse over 20-30 minutes 
Metronidazole 15 mg/kg i.v. q12h Administer slowly over 15-30 minutes 
Piperacillin-tazobactam | 40 mg/kg i.v. q6h Intravenous infusion over 30 minutes 
Ticarcillin-clavulanate 50 mg/kg i.v. q6-8h 
Trimethoprim- 15-30 mg/kg i.v. q12h Each vial is diluted in 100 ml of 5% dextrose. Intravenous infusion over 60 minutes 
sulfamethoxazole 
Vancomycin 15 mg/kg i.v. q8h za bi dextrose to a maximum final concentration of 5 mg/ml. Administer 
over r 


Ez Parenteral antibiotics commonly used in emergency and critical care. 


Penicillins were among the first antibiotics to be often includes anaerobic rods (e.g. Clostridium, 
developed. They are typically well tolerated and his- Bacteroides), spirochaetes (Borrelia and Leptospira), 
torically were considered bactericidal against a broad many streptococci and some enterococci. Few patho- 
range of pathogens. The spectrum of penicillin G genic staphylococci or Gram-negative aerobes remain 
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susceptible to penicillin. Significant resistance has de- 
veloped to aqueous penicillins, and they generally 
require administration every 6 hours. They are rarely 
prescribed to companion animals. 

Historically, the spectrum of the aminopenicillins 
ampicillin and amoxicillin extends to include some 
Gram-negative rods, such as select isolates of Es- 
cherichia coli, Proteus mirabilis and Salmonella. How- 
ever, resistance among E. coli isolates is increasing, 
highlighting the fact that just because a pathogen is 
reported to be ‘within the spectrum’ of a class of drugs, 
the organism may not, in fact, be susceptible in all 
cases. Aminopenicillins are typically more effective for 
enterococci than penicillin. Ampicillin is one of the few 
beta-lactams that is metabolized and excreted by the 
liver and thus achieves high concentrations in bile. 
About 50% of administered ampicillin is excreted un- 
changed in the urine. The addition of sulbactam (a 
beta-lactamase inhibitor) extends the spectrum of 
ampicillin to include otherwise resistant strains of some 
Enterobacteriaceae and many anaerobes. Amoxicillin, 
also an aminopenicillin, has an identical spectrum of 
activity to ampicillin when used alone. The addition of 
clavulanic acid extends its Gram-negative spectrum. 
Amoxicillin is better absorbed following oral admini- 
stration and has a longer duration of action when com- 
pared to ampicillin, and thus is appropriately pre- 
scribed for patients that both require and tolerate the 
transition to oral antibiotics. Amoxicillin—clavulanate 
is licensed for oral use in the USA and UK, and a 
human preparation is available for intravenous use in 
the UK. 

The extended-spectrum penicillins (ticarcillin, 
piperacillin) are effective in vitro against Pseudomonas 
aeruginosa as well as enteric Gram-negative bacte- 
ria such as E. coli, Klebsiella, Proteus spp. and 
anaerobic organisms, including Bacteroides fragilis. 
However, the susceptibility of these penicillins to beta- 
lactamases markedly limits their utility for in vivo in- 
fections caused by Gram-negative enteric organisms. 
The addition of beta-lactamase inhibitors (clavulanic 
acid or tazobactam) to ticarcillin and piperacillin ex- 
tends their spectrum to include many organisms ren- 
dered resistant by beta-lactamase production. 
However, the addition of a beta-lactamase inhibitor 
does not enhance efficacy against Pseudomonas 
aeruginosa. Thus, monotherapy with these agents is 
generally not advocated for treating pseudomonal in- 
fections. All penicillins may be combined with an 
aminoglycoside or fluoroquinolone for a synergistic 
effect when treating serious Gram-negative infections, 
most notably to optimize coverage for P. aeruginosa. 

Cephalosporins are a broad group of beta-lactam 
antibiotics classified into ‘generations’ based on their 
spectrum of activity and susceptibility to beta- 
lactamase destruction. They are generally well toler- 
ated and predominantly excreted by the kidneys. The 
cephalosporins are more resistant than the penicillins 
to beta-lactamase destruction. However, the recent 
emergence and spread of ESBL-producing organisms 
precludes the application of this generalization to all 
infections, particularly those caused by nosocomial 
Gram-negative pathogens. Enterococci and MRSA are 
resistant to cephalosporins. 


The spectrum of the first-generation cephalo- 
sporins is similar to that of the aminopenicillins, with 
some enhanced coverage of Gram-negative patho- 
gens. Two of the first-generation cephalosporins, 
cefazolin and cefalotin, have been used extensively in 
small animals. Cefalotin is no longer available in the 
USA. Cefazolin is frequently used to treat skin, bone 
and soft tissue infections with Gram-positive cocci, and 
remains the drug of choice for surgical prophylaxis for 
skin contamination. The first-generation cephalosporins 
are not predictably effective for anaerobic pathogens. 
Although first-generation cephalosporins have some 
activity against E. coli, Klebsiella and Proteus, their 
efficacy is most predictable for lower urinary tract 
infections caused by susceptible strains of these 
pathogens. While most cephalosporins attain high 
concentrations in urine, this is not necessarily true of 
urogenital tissues, i.e. they are not suitable agents 
for pyelonephritis. 

The parenteral second-generation cephalospor- 
ins extend the Gram-negative spectrum of the first- 
generation compounds, although efficacy against 
Gram-positive and anaerobic organisms is often less. 
Cefoxitin and cefotetan, which are in the cephamycin 
group, have enhanced efficacy against anaerobic 
organisms, including Bacteroides fragilis. These 
drugs may be appropriate for treating hepatobiliary 
infections or septic peritonitis in which a mixed 
population of anaerobic bacteria and Gram-negative 
bacilli are observed. 

Third-generation cephalosporins are generally more 
effective against Gram-negative bacteria than first- and 
second-generation cephalosporins. In addition, they are 
generally more resistant to degradation by beta- 
lactamases. With the exception of ceftazidime and 
cefoperazone, these agents have poor activity against 
Pseudomonas aeruginosa. |n general, they have poor 
efficacy against anaerobes and are often less active 
than first-generation agents against Gram-positive or- 
ganisms. Cefotaxime, ceftriaxone and ceftazidime are 
the most widely used parenteral third-generation 
cephalosporins. Because of its excellent Gram- 
negative spectrum, long serum half-life and high levels 
in both plasma and CSF, ceftriaxone is one of the drugs 
of choice for presumptive therapy of bacterial meningi- 
tis. The spectrum of each third-generation cepha- 
losporin is sufficiently variable that each drug should 
be reviewed prior to use to assure the targeted organ- 
ism is included in the spectrum. Ideally, the use of these 
agents should be guided by susceptibility testing. 

Ceftiofur, a broad-spectrum third-generation 
cephalosporin primarily marketed for therapy of bo- 
vine respiratory disease, has received attention from 
small animal practitioners. Compared with other third- 
generation cephalosporins, it is significantly less costly 
and can be frozen in aliquots. Administered subcuta- 
neously, ceftiofur is approved for the treatment of uri- 
nary tract infections caused by E. coli or Proteus 
mirabilis in dogs in the USA. At the labelled dose (2.2 
mg/kg), ceftiofur achieves very high concentrations 
in urine for 24 hours, but the plasma half-life of ceftiofur 
and its metabolites is above E. coli’s MIC of 4.0 mg/l 
for only 3—4 hours. Thus, a higher dose and/or 
decreased dosing interval would be required to treat 
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infections outside the urinary tract. Since no published 
studies have evaluated the efficacy or safety of 
ceftiofur at off-label dosages, its use in critical small 
animal patients is generally discouraged. 

Cefovecin is a third-generation cephalosporin which 
has recently become available in the UK. It is highly 
protein bound and is licensed to be administered as a 
subcutaneous injection once every 2 weeks. Its use in 
critically ill veterinary patients has not yet been evalu- 
ated. As the pharmocokinetics of the drug in critically ill 
patients may be different, it is recommended that this 
drug should be used with caution in this population. 

Cefepime is classified as a fourth-generation ce- 
phalosporin, unique from the other three generations 
in its extended spectrum of activity and its resistance 
to beta-lactamase hydrolysis. Its spectrum includes 
antipseudomonal activity comparable to ceftazidime 
and Gram-positive activity comparable to cefotaxime 
and ceftriaxone. Enterococcus spp. and MRSA strains 
are generally resistant in vivo. Its value in treating 
severe infections, alone or with other agents, is well 
established for resistant organisms in human ICUs. 
Cefepime is frequently active against nosocomial 
pathogens such as Enterobacter and Acinetobacter, 
and its use should therefore be restricted to the set- 
ting of nosocomial sepsis. There is limited informa- 
tion on the use of this drug in veterinary medicine 
(Gardner and Papich, 2001). 

The carbapenems are beta-lactam antibiotics and 
include imipenem and meropenem (Bidgood and 
Papich, 2002). Imipenem is marketed in combination 
with the renal dipeptidase inhibitor cilastatin. Cilastatin 
prevents renal inactivation of imipenem, thus avoid- 
ing the accumulation of toxic metabolites while in- 
creasing the elimination half-life and urine levels of 
the drug. Imipenem is one of the broadest-spectrum 
antibiotics available. It has a short half-life after re- 
constitution, and must be diluted in a large volume of 
crystalloid prior to administration. Seizures and gas- 
trointestinal distress are occasionally reported follow- 
ing administration, especially in patients with impaired 
renal function or incipient epilepsy. Meropenem is very 
similar to imipenem but does not require combination 
with a dipeptidase inhibitor, has a longer shelf-life af- 
ter reconstitution, and is associated with less neuro- 
toxicity. Meropenem is more soluble and therefore can 
be administered in a smaller volume of fluids (intra- 
venously or subcutaneously) over a shorter period of 
time. The spectra of meropenem and imipenem are 
not identical, although coverage by both agents is 
excellent for most bacterial pathogens, including Pseu- 
domonas aeruginosa and Acinetobacter spp. (Seol et 
al., 2002). Whilst some anaerobes are susceptible to 
the carbapenems, these drugs are not active against 
MRSA or Enterococcus faecium. |Imipenem and 
meropenem are rarely ‘first-line’ agents. Their use 
should always be dictated by culture and susceptibil- 
ity data, but they can be used as empirical therapy for 
serious nosocomial infections thought to be caused 
by multiple pathogens or highly resistant Enterobac- 
teriaceae, pending culture results. 

Aztreonam is the only currently marketed mono- 
bactam. It has a significantly narrower spectrum than 
other beta-lactams. Specifically, its antibacterial 
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spectrum is limited to Gram-negative aerobic bacte- 
ria. It is effective for most Enterobacteriaceae, includ- 
ing Escherichia coli, Enterobacter, Klebsiella spp., 
Proteus spp. and Serratia spp. It is generally very ef- 
fective for Pseudomonas aeruginosa, but activity 
against Acinetobacter spp. is limited. About 60-70% 
of aztreonam is renally excreted. The drug is only avail- 
able for intravenous administration, and it has an ex- 
cellent safety profile. It is used for definitive treatment 
of nosocomial pneumonia and other serious infections 
in human ICU patients. Appropriately, most commer- 
cial veterinary laboratories do not provide suscepti- 
bility data for aztreonam at this time. Veterinary 
applications of aztreonam have not been defined and 
its administration is only justified in patients with in- 
fections caused by pathogens that are uniquely sus- 
ceptible to this agent, or for patients that absolutely 
cannot tolerate aminoglycosides or other drugs ap- 
propriate for Gram-negative sepsis. 


Aminoglycosides 

The aminoglycosides remain important agents in the 
treatment of serious Gram-negative infections. They 
are rapidly bactericidal in vitro at low concentrations, 
and are predictably effective for most aerobic Gram- 
negative pathogens, including Klebsiella, Serratia, 
Enterobacter and most strains of Acinetobacter and 
Pseudomonas aeruginosa (Albarellos et al., 2004). 
While tobramycin and netilmicin have been adminis- 
tered to cats and dogs, amikacin and gentamicin re- 
main the most widely used aminoglycosides in 
veterinary medicine. Amikacin has the broadest Gram- 
negative spectrum, and may be more effective than 
gentamicin for Pseudomonas aeruginosa and 
Escherichia coli infections. Among Gram-positive or- 
ganisms, gentamicin is often effective for many sta- 
phylococci. Enterococci are relatively resistant, but 
when gentamicin is combined with a penicillin or 
aminopenicillin, these organisms may be rendered sus- 
ceptible. This synergistic effect occurs because the 
efficacy of the aminoglycoside appears to be enhanced 
by increased cell permeability induced by the beta- 
lactam, favouring movement of the aminoglycoside 
into the bacteria. Similar ‘antimicrobial synergy’ is also 
described for Pseudomonas aeruginosa. The amino- 
glycosides are not effective against anaerobes, or for 
pathogens in areas of low oxygen tension, such as 
abscesses or other hypoxic infected tissues. Amino- 
glycosides are highly water soluble and do not readily 
cross biological membranes; penetration into bronchial 
secretions, CSF and prostatic fluid is therefore poor. 
Therapeutic concentrations are generally achieved in 
non-exudative pleural and peritoneal effusions, bile, 
pulmonary parenchyma and synovial fluid. Inhalation 
therapy with gentamicin is reported to reduce the du- 
ration and severity of clinical signs associated with in- 
fectious tracheobronchitis in dogs, without producing 
detectable serum concentrations (Miller and MacKiernan, 
2003). Aerosolization should never be used as the only 
means of treating serious respiratory infections such 
as pneumonia, but should be used alongside parenteral 
antimicrobial therapy. The role of nebulized aminogly- 
cosides in veterinary patients with severe or ventilator- 
associated pneumonia remains unclear. 
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The aminoglycosides are administered systemi- 
cally to well hydrated patients with stable renal func- 
tion that are not receiving other nephroactive drugs. 
They are predominantly excreted by glomerular fil- 
tration, and historically nephrotoxicity is the major 
drawback to their use. Amikacin is reportedly less 
nephrotoxic than gentamicin. Nephrotoxicity is evi- 
denced by non-oliguric renal insufficiency, and trough 
drug levels correlate with the development of toxic- 
ity. Administration of the total daily dose of amino- 
glycoside as a single daily dose (SDD) is associated 
with less nephrotoxicity than the same total amount 
given divided into multiple doses. SDD optimizes 
concentration-dependent bactericidal activity by 
maximizing peak plasma concentration (Cmax) relative 
to the MIC of the pathogen. Since aminoglycosides 
are concentration-dependent drugs, SDD produces 
more rapid bacterial killing, less bacterial resistance 
and better clinical outcomes with less nephrotoxicity 
than conventional multiple daily dosing. 

When the aminoglycosides are administered us- 
ing SDD, their PAE effectively allows the patient to 
have daily drug-free intervals which ensure that trough 
levels are low enough to minimize toxicity, without 
compromising outcome. The PAE is extended by 
higher dosing. Daily examination of urine sediment 
for the presence of casts, with periodic evaluation for 
proteinuria and glucosuria using standard urine rea- 
gent strips, is an acceptable means to monitor for drug- 
induced tubular damage. Although some older reports 
describe an inexorable progression of aminoglycoside- 
induced renal injury, drug-induced renal lesions are 
frequently reversible if detected quickly, followed by 
prompt modification or discontinuation of therapy. 
When possible, systemic therapy with aminoglyco- 
sides should be limited to no more than 7 days. If itis 
necessary to treat for a longer period of time, thera- 
peutic drug monitoring has been recommended. Al- 
though not borne out by studies in veterinary medicine, 
SDD may obviate the need for therapeutic drug moni- 
toring due to reduced risk of toxicity and assured peak 
concentration-related efficacy. A reasonable monitor- 
ing strategy for SDD is to obtain a random trough con- 
centration 2—4 hours prior to the next dose to ensure 
that there is adequate renal clearance and a sufficient 
‘drug-free’ period. Trough serum concentrations cor- 
relate with nephrotoxicity, and should be <1.0 ug/ml 
and <2.5 ug/ml for gentamicin and amikacin, respec- 
tively. Trough serum concentrations >2.5 ug/ml are 
indicative (and not necessarily a cause) of renal dys- 
function. Peak serum concentrations of gentamicin 
and amikacin should exceed the MIC by a factor of at 
least ten (C,,,,/MIC 210) in critically ill patients. Antici- 
pated peak serum concentrations using SDD are 
30-40 ug/ml for amikacin and 15-20 ug/ml for gen- 
tamicin. These peak serum concentrations are often 
achieved with SDD, but exceptions may occur when 
Vd is significantly altered in critical illness. 

Other toxic effects associated with aminoglycosides 
include otovestibular toxicity and neuromuscular im- 
pairment. Otovestibular toxicity has been experimen- 
tally induced in both dogs and cats, but has not been 
reported following SDD in companion animals. Neuro- 
muscular depression from aminoglycosides is rare. It 


is caused by reduced acetylcholine activity at postsyn- 
aptic membranes, and may be associated with respi- 
ratory depression. Weakness associated with 
neuromuscular blockade may be seen at doses just 
slightly higher than those recommended, but is likely to 
be of clinical consequence only when aminoglycosides 
are administered rapidly, in patients with neuromuscu- 
lar disorders, e.g. myasthenia gravis, or in those receiv- 
ing neuromuscular blocking agents. Injectable calcium 
and perhaps neostigmine may reverse the neuro- 
muscular depression produced by the aminoglycosides. 
Neuromuscular toxicity has not been observed in 
neurologically normal human patients on SDD. 

Fear of toxicity should not prevent the use of 
aminoglycosides when they are legitimately indicated, 
since toxicity is usually mild and reversible. In view of 
the favourable properties of SDD and alarming resist- 
ance patterns among Gram-negative pathogens to 
cephalosporins and fluoroquinolones, the aminoglyco- 
sides should be retained as a valuable part of our 
contemporary antibacterial arsenal. 


Fluoroquinolones 
In general, the veterinary-approved fluoroquinolones 
have excellent activity against many aerobic and fac- 
ultative Gram-negative rods, fair activity against sta- 
phylococci, variable to poor activity against 
streptococci and minimal activity against obligate 
anaerobes. Chlamydiae, mycoplasmas, Campylobac- 
ter and some rickettsial species are also often sus- 
ceptible to these drugs. In general, their high Vd 
corresponds to excellent penetration into most tissues, 
including skin, soft tissues, respiratory epithelium, 
bone, meninges, prostate and urine. High concentra- 
tions within phagocytes correspond with higher con- 
centrations at inflammatory sites. The predicted 
therapeutic efficacy differs significantly among these 
agents such that they should not be used interchange- 
ably in critical illness. The liberal use of fluoroquino- 
lones in human medicine has contributed to several 
disturbing resistance patterns, including MRSA, 
ESBL-producing Gram-negative pathogens, 
fluoroquinolone-resistant Pseudomonas aeruginosa 
and vancomycin-resistant Enterococcus faecium 
(VRE). Similarly, the use of fluoroquinolones in small 
animals has been associated with increasing resist- 
ance among P. aeruginosa, Staphylococcus inter- 
medius and Escherichia coli. Veterinary studies reveal 
that 26% of ‘community-acquired’ strains of 
P. aeruginosa were resistant in vitro to enrofloxacin, 
while only 8% were resistant to ciprofloxacin. More 
recent investigations show that resistance of E. coli 
to fluoroquinolone approximates 40%. Enrofloxacin is 
the only veterinary-approved fluoroquinolone available 
for parenteral administration. While it is commonly 
given intravenously, it is not labelled for this route of 
administration. Approximately 40% of enrofloxacin is 
metabolized to ciprofloxacin, and this active metabolite 
is further biotransformed to several additional com- 
pounds that are excreted primarily in the urine. 
Although half-life varies among the fluoroquinolones, 
SDD of high doses of these agents can be used, allow- 
ing higher peak plasma levels to be achieved, resulting 
in maximal bacterial killing. All of the fluoroquinolones 
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are bactericidal and exhibit a post-antibiotic effect (PAE). 
The PAE for the fluoroquinolones appears to be con- 
centration-dependent, supporting high-dose, once-daily 
administration. The relationship between fluoroquinolone 
use and fluoroquinolone resistance is incontrovertible. 
In vitro studies indicate that the use of an inappropri- 
ately low dose of enrofloxacin in dogs can promote the 
development of resistant bacterial strains in vivo (Ganiere 
etal., 2001). Increases in fluoroquinolone resistance may 
be a function of the relatively low dosages approved in 
clinical practice, which were designed to cure infection 
without considering resistance. 

Possible toxicities include seizure activity (prima- 
rily observed following rapid intravenous administra- 
tion), gastrointestinal distress and alterations in the 
cartilage of weightbearing bones of immature animals 
(Takizawa et al., 1999). The specific mechanism re- 
sponsible for fluoroquinolone-induced arthropathy and 
chondrotoxicity in juvenile animals has not been elu- 
cidated. At this time, the use of all fluoroquinolones in 
growing animals is discouraged unless no other thera- 
peutic options exist. Partial, temporary or permanent 
blindness has been described in a small percentage 
of cats following therapy with enrofloxacin (Wiebe and 
Hamilton, 2002). Retinal degeneration is not unique 
to enrofloxacin, and retinal pathology may be seen 
with other fluoroquinolones. Administered at 2.5 mg/ 
kg qi2h, enrofloxacin has not been associated with 
any retinal changes and the manufacturers recom- 
mend not exceeding 5.0 mg/kg/day in cats. However, 
most susceptible isolates have MICs 20.25 ug/ml. As 
such, therapeutic concentrations of enrofloxacin are 
unlikely to be achieved at a total daily dose of 5.0 mg/ 
kg in cats or dogs. Thus, it may not be possible to 
prescribe fluoroquinolones appropriately to critically 
ill cats without exceeding the recommendations im- 
posed by the manufacturer. 

Optimally, the fluoroquinolones are reserved for 
severe or recurrent genitourinary or systemic infections. 
When possible, their use in critical illness is based on 
results of culture and susceptibility data, and they are 
administered at the highest recommended dose. 
Enrofloxacin and other fluoroquinolones are widely 
used for empirical therapy given their broad range of 
antibacterial activity, once-daily administration, favour- 
able side-effect profile and almost complete bio- 
availability following intravenous administration. 
However, continued clinical success can only be en- 
sured if these agents are prescribed appropriately. 


Metronidazole 

Metronidazole is a bactericidal agent with a spectrum 
limited to anaerobic bacteria. It diffuses well into tis- 
sues and body fluids, including CSF, bile and abs- 
cesses. Effective tissue penetration and consistent 
bactericidal activity make metronidazole a drug of 
choice for severe anaerobic infections including intra- 
abdominal abscesses, endocarditis and osteomyeli- 
tis. Other antibacterial agents should be used in 
combination with metronidazole if additional faculta- 
tive and aerobic pathogens are suspected. For 
example, a combination of metronidazole and a third- 
generation cephalosporin is an appropriate choice for 
intra-abdominal infections. 
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Seizures, vestibular syndromes and other neuro- 
pathies have been reported with high-dose and/or 
long-term use of metronidazole. While these unto- 
ward effects are generally self-limiting, complete re- 
covery may take days to weeks. Metronidazole 
should be given with particular caution in patients 
with underlying neurological disorders. Diazepam 
may lessen the duration and severity of adverse 
neurological events. 


Vancomycin 

Vancomycin, a glycopeptide bactericidal antibiotic, has 
been in use in human medicine for over 40 years. Its 
spectrum is limited to Gram-positive cocci, including 
most isolates resistant to beta-lactams. While vanco- 
mycin has been considered the drug of last defence 
against Gram-positive multiple-drug-resistant bacteria 
in humans, the late 1980s saw a rise in vancomycin- 
resistant bacteria, including VRE and strains of Sta- 
phylococcus aureus. Colonization with VRE has been 
documented in dogs and cats, raising the spectre of 
transmission and subsequent illness in hospitalized 
patients (van Belkun et al., 1996; Morley, 2004). How- 
ever, reports of VRE infections are presently uncom- 
mon in veterinary medicine. 

Vancomycin is administered intravenously and is 
cleared almost completely by glomerular filtration. 
Drug-associated renal impairment is reported but un- 
common. Vancomycin can cause severe tissue dam- 
age if it is extravasated into subcutaneous tissues. 

Vancomycin is occasionally used to treat severe, 
persistent staphylococcal infections and colitis as- 
sociated with Clostridium difficile. In all situations, 
vancomycin should be considered a drug of abso- 
lute last resort, and should never be prescribed 
empirically. Consultation with a veterinary pharma- 
cologist or infectious disease specialist is recom- 
mended before concluding that vancomycin is the 
most appropriate antimicrobial agent for any infec- 
tion in dogs and cats. 


Macrolides 

The macrolides exhibit a broad spectrum of antimi- 
crobial activity against many Gram-positive and Gram- 
negative bacteria. They are classified as bacteriostatic 
agents, but in vitro studies indicate that they are bac- 
tericidal against many pathogens. Macrolide antibi- 
otics in general are used against susceptible 
organisms causing respiratory, urogenital, gastrointes- 
tinal and skin or soft tissue infections. 

Erythromycin has activity against many Gram- 
positive cocci, Campylobacter spp., Chlamydia spp. 
and a variety of anaerobes. Its degradation products 
are motilin-like agonists which stimulate intestinal peri- 
stalsis, hence the use of low-dose erythromycin in 
patients with intestinal ileus. Erythromycin is widely 
distributed throughout the body. It achieves higher and 
more sustained concentrations in pulmonary tissues 
and secretions than comparable doses of beta-lactam 
antibiotics. However, it has disadvantages which in- 
clude adverse gastrointestinal effects (vomiting and 
diarrhoea), short half-life and a requirement for fre- 
quent dosing intervals, therefore it is seldom used in 
the critical care setting. 
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Azithromycin, a macrolide derivative, is extensively 
distributed and persists within most tissues. 
Azithromycin has similar activity against Gram- 
positive organisms, and enhanced activity against 
Gram-negative organisms and Enterobacteriaceae, 
compared with erythromycin. Mean concentrations in 
tissues (lung, prostate, urinary tract, muscle and bone) 
exceed plasma concentrations 10—200-fold. Azithro- 
mycin accumulates in epithelial lining fluid and enters 
host defence cells, including alveolar macrophages. 
Azithromycin has been documented to accumulate to 
the greatest extent in neutrophils, when compared to 
other macrolides. This accumulation aids in the eradi- 
cation of intracellular organisms. In the veterinary criti- 
cal care setting, azithromycin has become a valuable 
addition to the traditional armamentarium for the treat- 
ment of respiratory tract infections, most notably in 
dogs with severe Bordetella bronchiseptica pneumo- 
nia. Azithromycin is among the drugs of choice for 
Bordetella infections in young dogs in which 
fluoroquinolones are contraindicated. Azithromycin is 
one of the drugs to which pathogenic Bartonella spp. 
are reportedly susceptible and it is also effective 
against Borrelia and mycobacteria. It has a long half- 
life that allows for once-daily dosing. Azithromycin is 
well tolerated when administered intravenously and 
is presently available in generic formulation. 


Clindamycin 

Clindamycin is the only parenteral lincosamide com- 
monly used in veterinary medicine. The lincosamides 
are classified as bacteriostatic, but may be bactericidal 
in vitro against certain pathogens. Clindamycin has a 
broad spectrum of activity against Gram-positive and 
anaerobic bacteria, and is one of the drugs of choice 
for known or suspected anaerobic infections. 
Clindamycin has no clinically significant activity against 
facultative Gram-negative enteric bacteria. In veteri- 
nary medicine, it is considered the drug of choice for 
treatment of Toxoplasma gondii infection. Clindamycin, 
in combination with an antimicrobial with enhanced 
Gram-negative spectrum, is therefore appropriate for 
empirical therapy in patients with possible Toxoplasma 
infection. Clindamycin achieves particularly high con- 
centrations in bone and has been recommended to treat 
osteomyelitis. Importantly, clindamycin achieves effec- 
tive concentrations in walled-off abscesses, surpass- 
ing the concentrations achieved by penicillins or 
chloramphenicol. Clindamycin is one of several anti- 
microbials that are actively accumulated within phago- 
cytic leucocytes, reaching concentrations 5—50-fold 
greater than plasma concentrations; thus, bacteria se- 
questered in white blood cells are not protected. 
Clindamycin also remains an effective therapy for some 
multiple-drug-resistant staphylococcal and enterococcal 
infections, and is considered a major component of 
therapy for both staphylococcal and streptococcal toxic 
shock syndrome (Naidoo et al., 2005). 


Chloramphenicol 

Chloramphenicol is a broad-spectrum antibiotic that 
is effective against rickettsiae, chlamydiae, mycoplas- 
mas, some spirochaetes, and most Gram-negative 
and Gram-positive aerobic and anaerobic bacteria. It 


is a preferred antibiotic for treating enteric Salmonella 
infections. Its spectrum generally does not include 
virulent Gram-negative pathogens such as 
P. aeruginosa. It is lipophilic and effectively penetrates 
the blood-brain barrier. In contrast to the majority of 
antibiotics used in critical illness chloramphenicol, like 
clindamcyin, is classified as bacteriostatic. While bac- 
tericidal drugs are intuitively assumed to be more ef- 
fective than bacteriostatic agents, the clinical 
importance of whether bactericidal action is better than 
bacteriostatic action has rarely been documented. The 
designation bactericidal or bacteriostatic is predomi- 
nantly determined by in vitro studies, and is incon- 
sistent against all bacteria for a particular agent. 

Chloramphenicol is available for intravenous and 
oral administration. Although extremely rare, chloram- 
phenicol exposure through aerosolization or oral intake 
is associated with idiosyncratic fatal bone marrow 
aplasia in humans. Contact with mucosal surfaces is 
required for this severe reaction. Oral veterinary 
preparations are film-coated, reducing the possibility 
of contact with active drug; therefore these already un- 
common reactions are largely avoidable for caregivers. 
Drug-associated cytopenias are infrequently reported 
in veterinary medicine, and appear to be observed more 
commonly in cats than dogs. Routine haematological 
monitoring is recommended, especially when long-term 
therapy is instituted. Unlike the rare and idiosyncratic 
fatal reactions in people, in animals cell counts gener- 
ally normalize when chloramphenicol is discontinued. 
Other adverse effects reported at various doses include 
anorexia, vomiting and diarrhoea. 

Following concerns regarding potentially fatal tox- 
icity, and the availability of ‘safer’ alternatives, the 
parenteral use of chloramphenicol was all but aban- 
doned in human medicine until very recently. With the 
exception of certain exotic species and hindgut 
fermenters, its use had also diminished in veterinary 
medicine. However, current problematical organisms, 
notably multiple-drug-resistant enterococci and 
MRSA, often retain in vitro susceptibility to chloram- 
phenicol, therefore it may serve as a viable treatment 
option for these infections. It is rarely, if ever, admin- 
istered empirically to dogs or cats, only being pre- 
scribed based on culture and susceptibility data. 


Potentiated sulphonamides 

The potentiated sulphonamides (trimethoprim— 
sulfadiazine, trimethoprim—sulfamethoxazole) have 
been in widespread use since the late 1960s. They 
are bactericidal, and function by inhibiting sequential 
steps in folate synthesis (Trepanier, 2004). Their wide 
spectrum of activity and relatively low cost garnered 
global popularity for the treatment of skin, urinary tract 
and respiratory infections. However, increasing rates 
of resistance, an unfavourable incidence of adverse 
events in animals and the introduction of newer agents 
have led to decreased use of these drugs. The ad- 
verse pharmacological and idiosyncratic reactions to 
these agents include polyarthropathy, cytopenias, 
hepatic insufficiency, proteinuria, skin eruptions and 
keratoconjunctivitis sicca, and are particularly severe 
in dogs of Dobermann or Rottweiler lineage. The 
potentiated sulphonamides are frequently active 
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against many Enterobacteriaceae, including Es- 
cherichia coli, Klebsiella spp. and Proteus mirabilis. 
Many isolates of Staphylococcus spp. remain suscep- 
tible, and the potentiated sulphonamides are among 
the drugs of choice for Nocardia infections. Oppor- 
tunistic Gram-negative pathogens such as 
Acinetobacter spp., Alcaligenes spp. and Burkholderia 
(Pseudomonas) cepacia, typically resistant to several 
broad-spectrum classes of antibiotics, often remain 
susceptible. Pseudomonas aeruginosa, enterococci 
and strict anaerobes are inherently and uniformly re- 
sistant. Potentiated sulphonamides are effective for 
infections with Toxoplasma gondii and Pneumocystis 
jaroveci (formerly P. carinii). These agents are widely 
distributed, and may be especially useful for respira- 
tory, prostate, CNS, complicated skin infections and 
osteomyelitis. Although the oral formulations are most 
familiar, trimethoprim—sulfadiazine is available for 
intravenous administration. As the potentiated sul- 
phonamides are widely distributed and maintain effi- 
cacy against many multidrug-resistant staphylococci, 
their judicious use may serve as a model for appro- 
priate use of broad-spectrum antibiotics in the setting 
of increasing resistance pressure. 


Doxycycline 

Doxycycline is a broad-spectrum, lipophilic antibiotic 
with excellent tissue penetration. Its concentrations 
in most tissues are generally equal to or greater than 
those in plasma. Unlike conventional tetracyclines, 
doxycycline is largely eliminated by non-renal mecha- 
nisms and is generally safe in patients with estab- 
lished or incipient renal disease. Doxycycline is 
effective against a broad range of Gram-positive, 
Gram-negative, aerobic and anaerobic bacteria, as 
well as Brucella, Chlamydophila, spirochaetes and 
Rickettsia. It is among the drugs of choice for Lyme 
disease and leptospirosis and is also an effective 
therapy for Mycoplasma, which may cause respira- 
tory infections in dogs and cats. Many strains of 
Bordetella bronchiseptica remain susceptible to doxy- 
cycline, and Bartonella spp. may be treated with high- 
dose doxycycline. 

As with other tetracyclines, doxycycline possesses 
anti-inflammatory effects independent of its antimicro- 
bial properties. There is limited evidence that doxycy- 
cline causes tooth discoloration or inhibits bone growth 
in juvenile patients. While this problem is well docu- 
mented with tetracycline (which is known to chelate 
divalent cations including calcium) it has not been sub- 
stantiated for doxycycline. Doxycycline’s tissue pen- 
etration, lipophilic nature and long serum half-life 
confers enhanced activity against some tetracycline- 
resistant organisms. Therefore tetracycline should not 
be viewed as a valid surrogate for doxycycline based 
on culture and susceptibility reports, particularly in the 
critically ill patient. Doxycycline may be administered 
intravenously once daily, or the total daily dose may be 
divided and given every 12 hours. Although doxycy- 
cline is generally well tolerated, gastrointestinal upset 
is occasionally seen. When given by mouth, pill-induced 
oesophageal ulceration is a well described adverse 
effect in both humans and pets, and may be prevented 
by giving water or food following drug administration. 
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Imaging techniques for the 


critical patient 


Frances Barr 


Introduction 


Imaging techniques should be used with care in criti- 
cally ill patients, as manipulation and restraint of the 
patient may be a source of added stress, while exist- 
ing injuries may inadvertently be exacerbated. It is 
therefore important to keep the number of procedures 
to a minimum by selecting the appropriate techniques 
for a given situation, and to carry out each examina- 
tion carefully to minimize the need for repeat examina- 
tions. At all times, the patient should be handled gently, 
paying due regard to the existing clinical problem. 


Plain radiography 


Plain radiography is an invaluable imaging technique, 
which may be used to define the problem(s) in an in- 
dividual patient and to monitor progress over a period 
of time. Detailed descriptions of radiographic position- 
ing for different parts of the body are available else- 
where, but it may be useful to bear the following points 
in mind: 


* If general anaesthesia is deemed inappropriate, 
then adequate positioning and restraint can 
usually be achieved using foam or plastic troughs, 
foam wedges and floppy sandbags. Manual 
restraint is only allowed under ‘exceptional clinical 
circumstances’ (lonising Radiation Regulations, 
1999) and is in fact rarely required 

* In some Clinical situations, it may be preferable 
to use a horizontal X-ray beam to obtain an 
orthogonal projection rather than repositioning 
the patient (e.g. in extreme dyspnoea, when 
lateral recumbency may not be tolerated; or in 
suspected spinal fracture/dislocation, when it is 
important to minimize patient manipulation). If a 
horizontal X-ray beam is used, due regard must 
be paid to radiation safety 

* Ideally, select a fast film—screen combination so 
that exposure time may be kept to a minimum. 
This reduces the risk of movement blur impairing 
the sharpness of the image 

* Examine the resulting images in a careful and 
systematic fashion, under appropriate viewing 
conditions, to minimize the risk of missing 
abnormalities. If manual processing is used, a 
final evaluation of the radiographs should not be 
made until they are dry. 
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Thorax 

A minimum of two radiographic projections is required 
for complete evaluation of the thoracic cavity: dorso- 
ventral and lateral. A dorsoventral projection is gener- 
ally tolerated well by the patient and is usually preferred 
to a ventrodorsal projection in critical cases. Ventro- 
dorsal positioning can lead to worsening of respiratory 
and cardiovascular function in unstable patients. A dor- 
soventral view may be the only projection taken before 
measures are instituted to stabilize the clinical condi- 
tion of the patient. Substantial information can be ob- 
tained from this view alone regarding disease or injury 
of the thoracic wall, pleural space, heart or lungs. 

A recumbent lateral projection may not be toler- 
ated by an animal with dyspnoea, in which case an 
erect lateral projection can be achieved using a hori- 
zontal X-ray beam with the patient standing or in 
sternal recumbency. In some situations, it may be 
advisable to take radiographs with the animal in both 
right and left lateral recumbency. Small masses or 
areas of consolidation may be seen more clearly in 
the uppermost lung, where they are surrounded by 
air-filled alveoli, than in the lower lung, which tends to 
undergo partial collapse. 

It is important to include the whole thoracic cavity 
on each radiograph, and the X-ray beam should be 
centred and collimated accordingly. The exposure 
should be made, wherever possible, at peak inspira- 
tion, so that the lungs are maximally aerated. Occa- 
sionally, an exposure may be made deliberately at 
end expiration to check that the lungs are able to de- 
flate and there is no evidence of air trapping. 


Abnormalities of the ribs, spine, sternum and 
soft tissues of the thoracic wall 

It is important to check the soft tissues of the thoracic 
wall for swelling, emphysema or radio-opaque foreign 
material. The thoracic spine should be evaluated for 
evidence of fracture and/or dislocation and, if neces- 
sary, further radiographs should be taken centred on 
the thoracic spine. The sternum should also be as- 
sessed. It is important to bear in mind that congenital 
anomalies of the sternum are not uncommon in dogs 
and cats (e.g. pectus excavatum) and these must be 
differentiated from traumatic sternal disruption (Fig- 
ure 25.1). Fractures of the ribs are not always easy to 
identify and a meticulous check should be made along 
the length of each rib on each radiograph. If several 
adjacent ribs have multiple fractures, it is wise to check 
the patient for evidence of ‘flail chest’. 
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r 25.1 | Lateral thoracic radiograph of a cat with dog 
bite injuries. Two sternal segments (white 
arrows) have been displaced ventrally and cranially, 
leaving a sternal defect (black arrows). There is 
extensive associated subcutaneous emphysema and a 
small pneumothorax 


Abnormalities of the diaphragm 

Rupture of the diaphragm is most clearly demonstrated 
by the passage of abdominal viscera into the thoracic 
cavity. This results in an overall increase in radio-opacity 
in the thorax, and tubular structures containing gas or 
food/faecal material may be seen. There is often dis- 
placement of intrathoracic structures, together with a 
corresponding absence of some normal structures from 
the abdominal cavity (Figure 25.2). In some instances, 
the diagnosis is evident on plain radiography. In other 
cases, contrast radiography or ultrasonography may 
be needed to confirm the diagnosis. Barium can be 
administered orally and may highlight stomach or in- 
testines within the thoracic cavity. Ultrasonography is 
particularly useful when a solid parenchymal organ such 
as the liver or spleen has moved into the thoracic cav- 
ity, or when free fluid is present. The outline of the dia- 
phragm may become partially obscured by free thoracic 
fluid or adjacent intrathoracic masses. 


| 25.2 | Lateral radiograph of the thorax and abdomen 
of a cat after a road traffic accident. Gas-filled 
small intestinal loops and part of the faeces-filled colon 
are visible in the ventral thorax, obscuring the cardiac 
outline and the ventral part of the diaphragmatic line. The 
radiographic diagnosis is traumatic rupture of the 
diaphragm 


Abnormalities of the pleural space 


Pneumothorax: Asmall amount of free air in the tho- 
racic cavity is most clearly seen on the recumbent or 
erect lateral radiograph. On the recumbent lateral pro- 
jection, the heart apex appears raised from the ster- 
num and, as the quantity of free air increases, the 
caudal lung lobes start to collapse and retract from 


the thoracic spine and diaphragm. An erect lateral 
projection is particularly useful in unstable patients 
that will not tolerate lateral recumbency. On this view, 
the air accumulates in the dorsocaudal thorax, with 
retraction of the lung margins at this site (Figure 25.3). 
This projection may be useful in providing a semi- 
quantitative evaluation of the amount of free air. Col- 
lapse and retraction of the lung lobes are visible on 
the dorsoventral projection if moderate or large quan- 
tities of free air are present. If a tension pneumothorax 
is present, the ribs will be maximally spread and the 
diaphragm flattened. Intrathoracic structures may be 
displaced to one side if the problem is unilateral. 


f 25.3 | An erect lateral thoracic radiograph of a 
German Shepherd Dog with bilateral 


pneumothorax. Free air has accumulated in the 
dorsocaudal thorax and the edges of the retracted 
caudal lung lobes are visible (arrows). 


It is important to recognize that collapsed or par- 
tially collapsed lung lobes will be of increased radio- 
Opacity, even if they are otherwise normal. It is 
recommended that thoracic radiography is repeated, 
after drainage of free air and re-expansion of the lungs, 
to check for evidence of lung pathology (e.g. bullae, 
pulmonary haemorrhage). 


Pleural fluid: A small amount of free fluid in the tho- 
racic cavity is most clearly seen on the dorsoventral 
radiograph as a band of soft tissue separating the 
margins of the lung lobes from the thoracic wall and 
running between individual lung lobes (Figure 25.4). 


A dorsoventral thoracic 
radiograph of a dog with 
warfarin poisoning. A 
soft tissue opacity 
separates the lung lobes 
on the right from the 
thoracic wall. There is 
also marked widening of 
both the cranial and 
caudal mediastinum. The 
radiographic diagnosis 
is free pleural fluid on the 
right and mediastinal 
fluid, in this case blood. 
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On the recumbent lateral projection, fluid often lies 
in the ventral thorax, with partially retracted lung 
lobes apparently ‘floating’ on top. As the quantity of 
fluid increases, the caudal lung lobes become sepa- 
rated from the thoracic spine and diaphragm by 
fluid. Since most soft tissues and fluid have a similar 
radio-opacity, the presence of an intrathoracic 
mass may be masked by surrounding fluid. Ultra- 
sonography is the imaging modality of choice in 
such instances as it will allow differentiation of fluid 
and soft tissue. 


Abnormalities of the mediastinum and 
structures running within the mediastinum 

Air may track within the mediastinum (‘pneumomedia- 
stinum’; Figure 25.5), outlining the trachea, oesopha- 
gus, heart base and major vessels with abnormal 
clarity. This may be a consequence of dyspnoea or 
blunt thoracic trauma, but may also result from jugu- 
lar venipuncture or penetrations of the pharynx, 
oesophagus or trachea. 


{25.5 ] Lateral thoracic radiograph of a cat that was 
bitten by a dog. Air highlights structures 
running within the mediastinum, including blood vessels 
and the oesophagus. An overall streakiness is due to 
superimposition of subcutaneous emphysema. 


Fluid within the mediastinum may result in radio- 
graphic widening of the mediastinum and ‘reverse fis- 
sure’ formation as fluid insinuates between the lobes 
of the lung at the hilus (Figure 25.4). 

The lumen of the trachea should be carefully 
checked throughout its cervical and thoracic length. 
Foreign bodies are generally easily seen, as they 
are outlined by air. Localized narrowing of the lumen 
may be a consequence of a static lesion (e.g. a stric- 
ture, granuloma or neoplasm) or a dynamic lesion 
(e.g. tracheal collapse). Generalized narrowing of 
the lumen may be a result of tracheal hypoplasia, 
mucosal oedema or haemorrhage, or severe tracheal 
collapse. Tracheal penetrations result in extensive 
pneumomediastinum, subcutaneous emphysema 
and sometimes disruption of the visible tracheal 
outline. Intrathoracic tracheal rupture is typically 
associated with the formation of a thin-walled bul- 
lous structure in place of the normal tracheal walls 
(Figure 25.6). 
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( 25.6 | A lateral thoracic radiograph of a cat with 
inspiratory dyspnoea following a road traffic 


accident 11 days previously. No clear tracheal outline is 
visible between the lower cervical region and the 4th rib, 
and a thin-walled ‘bullous’ structure is apparent in this 
region (arrows). The radiographic diagnosis is tracheal 
rupture. 


The oesophagus must also be carefully checked 
throughout its cervical and thoracic length. A little gas 
within the oesophagus is not unusual, especially in 
an animal with dyspnoea or under general anaesthe- 
sia, but large quantities of gas suggest either gas 
accumulation proximal to an oesophageal obstruction, 
or a motility disorder (e.g. megaoesophagus). Pene- 
tration of the oesophagus usually results in air and/or 
fluid within the mediastinum. Contrast studies may be 
required for a full evaluation of the oesophagus. 


Abnormalities of the lungs 


* Well defined soft tissue nodules or masses 
within the lung generally indicate primary or 
metastatic neoplasia, although granuloma or 
abscess formation may also be seen. Gas 
shadows within a mass can indicate cavitation, 
either within an abscess or necrotic tumour. 
Bullae or cysts usually contain air or air and 
fluid, and have thin, well defined walls. 

* Flooding of the alveoli with blood, inflammatory 
or oedema fluid, or filling of the alveoli with 
neoplastic cells, result in areas of increased 
opacity within the lung. Small ill-defined areas 
which blur the normal pulmonary vascular 
pattern may coalesce to form large areas of 
opacity with air-filled bronchi running through 
them (‘air bronchograms’; termed an ‘alveolar’ 
lung pattern) (Figure 25.7).The distribution of 
such changes may help narrow the list of 
differential diagnoses. For example, cardiogenic 
oedema in the dog often begins with a perihilar 
distribution, while aspiration pneumonia 
characteristically affects the ventral portions of 
the cranial and middle lobes. 

* Collapse of a lung lobe may result in a similar 
radiographic appearance to alveolar filling. While 
lobar collapse (atelectasis) may be a 
consequence of disease processes, such as air 
or fluid in the pleural cavity or a space-occupying 
lesion, it may also be a consequence of 
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Right lateral thoracic radiograph of a young 
= German Shepherd Dog with aspiration 


pneumonia. There is consolidation of the ventral parts of 
the cranial and middle lung lobes. Branching radiolucent 
tracts within the consolidated regions represent air 
bronchograms. 


prolonged recumbency. If the increase in lung 
opacity is due to recumbency collapse, it is often 
associated with radiographic evidence of a loss 
of lung volume on that side (e.g. raising of the 
hemidiaphragm on that side and/or shifting of 
the heart to that side). This is important to 
remember when dealing with critically ill patients, 
which may spend much of their time recumbent. 

* The walls of the major bronchi are usually visible 
radiographically as thin tapering radio-opaque 
lines and rings. The bronchial markings may 
become more prominent if the bronchial walls 
become thickened or calcified, or if there is 
peribronchial cellular infiltration. Some increase 
in bronchial markings is to be expected as the 
animal ages, but may also be associated with 
airway disease. 


Abnormalities of the heart 

The normal shape and size of the cardiac silhouette 
in the cat and dog are well established. In the dog, 
there is marked variation with breed and conforma- 
tion. On a lateral radiograph, for example, a deep- 
chested dog normally has a narrow upright heart, while 
a barrel-chested dog normally has a rounded heart 
with marked sternal contact. There is far less varia- 
tion among breeds of cat. Assessment of the shape 
and size of the cardiac silhouette should be made 
using lateral and dorsoventral radiographs, taking into 
account breed and conformation. Suboptimal posi- 
tioning of the patient, and in particular rotation of the 
thorax on lateral and dorsoventral views, will change 
the appearance of the cardiac silhouette. Be wary, 
therefore, of interpreting changes in shape of the heart 
where there is rotation of the thorax. 


* If the heart is smaller than normal, this may 
indicate hypovolaemia (e.g. blood loss, 
dehydration, Addison’s disease). 

* If the cardiac silhouette is larger than normal, 
this may indicate enlargement of one or more 
chambers of the heart. Changes in the shape of 


the heart may help suggest which chambers or 
great vessels are involved. For example, an 
increase in the height of the heart on the lateral 
radiograph, with bulging of the dorsocaudal 
angle, indicates left chamber enlargement. An 
increase in the craniocaudal diameter of the 
heart is often seen with right chamber 
enlargement. 

* Around, globular cardiac silhouette on both 
radiographic projections is often seen in 
association with pericardial fluid (Figure 25.8). 
Ultrasonography is the technique of choice for 
confirming the diagnosis and for searching for 
any underlying causes (Figure 25.9). 


| 25.8 | A lateral thoracic radiograph of a German 
Shepherd Dog with a pericardial effusion. The 
cardiac silhouette is generally enlarged, with an unusual 
globular shape 


| 25.9 | A long axis view taken during ultrasonographic 
examination of the heart of a Golden Retriever 


The heart is seen contained within a sac of pericardial 
fluid. Note the collapse of the right atrial wall (arrows), 
indicating cardiac tamponade 


Abdomen 

A minimum of two radiographic projections is neces- 
sary for complete evaluation of the abdominal cavity: 
ventrodorsal and lateral. A ventrodorsal projection is 
preferred to a dorsoventral projection, because the 
abdomen is stretched out and the hindlimbs are not 
superimposed on the area of interest. However, there 
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may be situations (e.g. dyspnoea) where it is not de- 
sirable to turn the animal on to its back, in which case 
a dorsoventral projection of the abdomen may be 
used. In an unstable patient, it is often acceptable to 
take one radiograph of the abdomen (preferably in 
lateral recumbency) for an initial evaluation before 
taking measures to stabilize the clinical condition. If 
clinically appropriate, the animal should be starved 
for 12 hours prior to radiography and given the op- 
portunity to defecate, so that food/faecal material does 
not obscure other structures in the abdomen. 

It is important to include the whole abdominal cav- 
ity. In large-breed dogs, it may be necessary to take 
two separate radiographs centred on the cranial and 
caudal abdomen respectively. This may also be advis- 
able in very narrow-waisted dogs when different expo- 
sures will be required for the thick cranial abdomen 
and the thin caudal abdomen. The exposure should 
ideally be made at the end of expiration, when abdomi- 
nal thickness and respiratory movement are minimized. 
When the abdominal thickness exceeds 10 cm, the use 
of a grid will improve image quality by reducing the 
amount of scattered radiation reaching the film. 


Abnormalities of the abdominal wall 

The soft tissues of the abdominal wall should be 
checked for integrity, swelling, emphysema or radio- 
opaque foreign bodies. The lumbar spine should be 
assessed for evidence of trauma, bone proliferation 
or destruction. If necessary, further radiographs should 
be taken centred on this area. 


Abnormalities of the abdominal cavity 


* Detail in the abdominal cavity, allowing 
differentiation of the various soft tissue 
structures, is normally provided by fat. 
Consequently, poor abdominal detail may be 
seen in very young or very thin animals. 
However, the presence of free fluid in the 
abdominal cavity will also obscure detail; a small 
or moderate amount of fluid blurs fine detail, 
while larger quantities result in a homogeneous 
opacity throughout the abdomen, relieved only 
by gas/food/faecal material in the 
gastrointestinal tract. 

* Peritonitis results in blurring of abdominal detail, 
either throughout the abdomen or in a localized 
area, due to the production of exudate (Figure 
25.10). There may also be a mottled effect due 
to the formation of adhesions and pocketing of 
fluid. Intestinal loops in the area may be dilated 
and static due to paralytic ileus, corrugated due 
to irritation, or abnormally bunched due to 
adhesions. 

* Free air in the abdominal cavity 
(‘pneumoperitoneum’; Figure 25.11) may be 
seen as irregular accumulations of gas which 
cannot be localized within the bowel, sometimes 
accumulating between the liver and the 
diaphragm. If there is no penetrating wound of 
the abdominal wall, or recent laparotomy, a 
pneumoperitoneum is highly suggestive of 
perforation of the gastrointestinal tract. 
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(25.10 | A lateral abdominal radiograph of a cat 
presented with vomiting and abdominal pain. 
There is a generalized loss of detail, which is particularly 
apparent in the mid-ventral abdomen. There are also 
small accumulations of free gas, especially evident 
craniodorsally. The diagnosis was peritonitis secondary 
to intestinal rupture. 


(25.11 | Lateral abdominal radiograph of a dog with a 
rupture of the gastrointestinal tract. There is a 
generalized lack of serosal detail consistent with peritonitis, 
and free air is visible in the dorsocranial abdomen. 


Abnormalities of the gastrointestinal tract 


* The stomach is a naturally distensible organ and 
so varies greatly in size. Excessive distension of 
the stomach may be an acute phenomenon (as 
part of the gastric dilatation—volvulus syndrome) 
or may be more chronic. Acute gastric distension 
is usually due to food or gas accumulation. 
When volvulus is present, transposition of the 
fundus and pylorus may be recognized, 
especially evident on the right lateral projection 
(see Figure 12.6), and soft tissue bands may be 
seen compartmentalizing the stomach. Chronic 
distension due to gastric outflow obstruction or 
motility disorders is usually associated with fluid 
and sometimes the collection of particulate 
‘gravel’ in the pyloric region. 

* The small intestine normally contains a mixture 
of gas and fluid. The diameter of small intestinal 
loops does not normally exceed the depth of a 
lumbar vertebral body. Undue fluid or gaseous 
distension of small intestinal loops may be seen 
in cases with generalized paralytic ileus (e.g. 
with infectious gastroenteritis, after a 
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laparotomy, due to hypokalaemia) or secondary 
to a mechanical obstruction. In cases of chronic 
partial intestinal obstruction, particulate material 
may accumulate proximal to the obstruction — a 
so-called ‘gravel sign’ (Figure 25.12). The cause 
of an obstructive process may be apparent on 
plain radiographs (e.g. radio-opaque foreign 
body), but in other cases contrast studies or 
ultrasonography may be required. 

The normal large intestine may contain gas or 
faecal material. If an enema has been given, or 
if the patient has diarrhoea, the contents may 
be fluid. 

Displacement of any part of the gastrointestinal 
tract may be useful evidence of other disease 
processes. For example, movement of sections 
of the gastrointestinal tract into the thoracic 
cavity or into the subcutaneous tissues indicates 
loss of integrity of the abdominal boundaries. A 
change in shape and size of the liver often 
results in gastric displacement. Any abdominal 
mass can push aside the small intestine. The 
descending colon may be displaced dorsally by 
an enlarged prostate and ventrally by enlarged 
sublumbar lymph nodes. 

The normal pancreas is not visible 
radiographically, but detection of a mass or 
evidence of a localized peritonitis in the right 
cranioventral abdomen should lead to the 
suspicion of pancreatic disease. 


| 25.12 | A lateral abdominal radiograph of a cat with a 
history of chronic vomiting. The radiograph 
shows a dense accumulation of mineral material (arrowed) 
superimposed on the faeces-filled colon. Dorsal to this are 
some distended gas-filled small intestinal loops. The 
diagnosis was a chronic partial obstruction of the distal 
small intestine, leading to ‘gravel’ accumulation. 


Abnormalities of the liver and spleen 


Symmetrical hepatic enlargement results in 
extension of the ventral liver lobes well beyond 
the last rib, and often the tips of these lobes 
become rounded. The pyloric region of the 
stomach is pushed caudally and dorsally, 
resulting in an unusually horizontally positioned 
stomach. With focal asymmetrical enlargement, 
the normal triangular shape of the liver is lost. 
When the liver is unusually small, the ventral 
lobes lie well within the costal arch and lose 
their normal triangular shape. The stomach is 


displaced cranially and becomes unusually 
upright. The spleen may also move cranially to 
lie within the costal arch. It should be 
remembered that the liver has a large functional 
reserve, and the radiographic detection of a 
small liver is not necessarily of clinical 
significance. 

The spleen is a very mobile organ, which is 
extraordinarily variable in both size and position. 
However, it is usually smooth in outline, with a 
triangular or elongated shape, and departures 
from this may be considered abnormal. 


Abnormalities of the urogenital tract 


Renal enlargement may be smooth and 
symmetrical (e.g. hydronephrosis, amyloidosis) 
or irregular (e.g. renal neoplasia, polycystic 
disease). The accumulation of fluid between the 
kidney and its capsule may mimic renal 
enlargement. Reduction in renal size may be 
associated with renal dysplasia, hypoplasia or 
chronic parenchymal disease. Renal calculi may 
be recognized if they are radio-opaque. Further 
information about renal architecture and the 
ureters requires the use of contrast studies and/ 
or ultrasonography. 

The adrenal glands lie medial to the cranial pole 
of each kidney. In the dog, the presence of 
calcification or a mass in this region often 
indicates adrenal neoplasia. In the cat, adrenal 
calcification may be a normal finding. 

The bladder normally lies in the caudoventral 
abdomen, but is naturally very variable in size. 
Identification of a bladder shadow does not 
preclude a small tear in the bladder or urethra, 
and confirmation or exclusion of these 
possibilities requires the use of contrast studies 
(Figure 25.13). Radio-opaque calculi may be 
identified on plain radiographs, but for further 
information, proceed to contrast studies and/or 
ultrasonography. 

The prostate gland lies at the neck of the 
bladder in the male dog and cat. Enlargement 
of the prostate in the dog results in cranial 
displacement of the bladder and sometimes 
dorsal displacement of the rectum/descending 
colon. While a degree of enlargement is 
normal in entire dogs as they age, 
enlargement may also be associated with 
prostatic disease. 

The normal non-gravid uterus is not usually 
visible radiographically, except in very fat 
animals. Enlargement of the uterus may result 
in separation of the bladder from the 
descending colon by a soft tissue tubular 
structure and the identification of coiled, 
distended loops cranial to the bladder (Figure 
25.14). Until fetal skeletal mineralization is 
detectable in the last trimester of pregnancy, 

it may be difficult to differentiate uterine 
enlargement due to pregnancy from that 

due to disease. Ultrasonography is helpful 

in this situation. 
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(a) Lateral abdominal radiograph of a cross- 
bred bitch with a traumatic bladder rupture 
The plain radiograph shows a generalized loss of detail 
due to the presence of fluid in the abdominal cavity. 
(b) Water-soluble iodinated contrast medium has been 
introduced into the bladder and can be seen leaking into 
the peritoneal cavity (arrows) 


(25.14 | A lateral abdominal radiograph of a Jack 
Russell Terrier bitch with a closed pyometra 


A distended, fluid-filled tubular viscus is visible in the 
mid-ventral abdomen. The uterine body and cervix lie 
between the bladder and descending colon (arrows) 


Head 

Accurate positioning of the patient is particularly im- 
portant when undertaking radiography of the head and 
pharynx. Even slight rotation can result in confusion, 
since the anatomy of the area is relatively complex. It 
is, therefore, preferable to have the patient positioned 
under general anaesthesia. Occasionally, radiographs 
may be taken of a conscious patient, but it should be 
appreciated that positioning is likely to be suboptimal 
and all but gross lesions may be missed. This should 
therefore be reserved for initial evaluation of a critically 
injured and unstable patient. Once the patient has been 
stabilized, a complete radiographic examination under 
general anaesthesia should be considered. 
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Several specialized projections are described for 
different regions of the skull, such as the frontal si- 
nuses, temporomandibular joints and tympanic bul- 
lae. It is necessary to plan the examination carefully 
so that all areas under suspicion, based on the clini- 
cal examination or standard radiographic projections, 
are fully evaluated. Non-screen film or film within flex- 
ible cassettes can be useful for intra-oral radiography 
of the maxilla/nasal chambers, the mandible and in- 
dividual teeth. 


* Check the soft tissues of the head for swelling, 
emphysema and radio-opaque foreign material. 

* Evaluate the bony contours of the skull for 
disruption (usually traumatic), or bone 
destruction or proliferation (usually associated 
with neoplasia or infection). 

* Check that the oro- and nasopharynx, the larynx 
and the cervical trachea are air filled and of a 
normal calibre. 


Magnetic resonance imaging (MRI) or computed 
tomography (CT) may be indicated once the patient 
has been stabilized, in order to evaluate intracranial 
structures. 


Spine 
As with the head, accurate positioning of the spine is 
vital if the maximum amount of diagnostic information 
is to be gleaned from the radiographs. Therefore, gen- 
eral anaesthesia is usually required. If fracture/dis- 
location of the spine is suspected, survey radiographs 
may be taken with the animal conscious for a prelimi- 
nary assessment of the site of the lesion and degree of 
damage. The patient may be kept in one position (lateral 
or sternal recumbency) and orthogonal views obtained 
by use of a horizontal and vertical X-ray beam. 

The principles behind accurate positioning of the 
spine for radiography are: 


* To keep the spine parallel to the cassette. This 
may involve padding areas that naturally sag 
(typically the neck and the lumbar region) 

* To avoid any axial rotation 

* To avoid bending of the spine to one side and 
undue flexion or extension. Specific stressed 
projections in hyperflexion or hyperextension 
may be used after the standard projections have 
been assessed, depending on the precise 
problem suspected. 


A minimum of two projections is required for com- 
plete evaluation of the spine: lateral and ventrodorsal 
or dorsoventral. It is important to include only a small 
section of the spinal column on each radiograph, with 
accurate centring and collimation. This is because 
divergence of the X-ray beam towards the periphery 
of the X-ray film results in a slightly oblique projection 
of the vertebrae and intervertebral disc spaces, which 
is not ideal for interpretation. When patient position- 
ing is suboptimal, there is likely to be rotation of the 
spine. Take care in such cases not to misinterpret 
asymmetrical positioning of transverse processes or 
articular facets as evidence of injury. 
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The radiographs should be checked for: 


* The number and alignment of the vertebrae. 
Remember that a minor malalignment does not 
necessarily reflect minor spinal cord damage, as 
the displacement at the time of the injury may 
have been far greater (Figure 25.15) 

* The shape of the vertebrae. Some changes in 
shape may be due to developmental anomalies 
(such as block vertebrae, hemivertebrae) while 
others may be associated with disease 
processes (e.g. compression fractures) 

* Fractures of the vertebrae, including the 
dorsal spinous and transverse processes 
and the articular facets as well as the 
vertebral bodies 

* Bone proliferation (e.g. associated with trauma, 
infection, neoplasia, nutritional disorders) or 
bone destruction (e.g. infection, neoplasia) 

* Evidence of intervertebral disc disease (i.e. 
narrowing of the intervertebral disc space and/or 
intervertebral foramen; calcification of disc 
material with or without displacement). 


(25.15 | Radiographs of the thoracolumbar spine of a 
dog with a traumatic vertebral luxation. The 


ventrodorsal projection shows slight asymmetrical 
widening of the intervertebral disc space between L1 
and L2 and slight malalignment of the dorsal spinous 
processes of L1 and L2. On the lateral projection, a 
subluxation is clearly visible, with widening of the facet 
joint and a step between the vertebral bodies at this site. 


It may be necessary to proceed to contrast stud- 
ies after studying the plain radiographs, in order to 
demonstrate the site and severity of any spinal cord 
compression. MRI or CT may be preferred to contrast 
studies where these modalities are available. 


Contrast radiography 


Contrast radiography is indicated in the following 
situations: 


* When plain radiographs do not demonstrate a 
lesion, but the clinical examination and other 
diagnostic tests suggest that a lesion is present 

* When plain radiographs do show a lesion, but 
further information is required in order to allow 
rational treatment to be instituted and an 
informed prognosis given. 


It is important that a good plain radiographic ex- 
amination precedes the contrast study. This ensures 
that the appropriate exposure factors are used for the 
contrast examination, confirms that the contrast tech- 
nique is indeed necessary and appropriate, and that 
no lesions are visible on the plain radiographs which 
may subsequently be masked by contrast medium. 
Make sure that everything you may require is ready 
at the beginning of the procedure and that the exami- 
nation is carried out carefully and thoroughly. 

Detailed descriptions of recommended protocols 
for contrast examinations may be found in standard 
texts and may differ from the procedures given here, 
as a result of personal preference. It is very important 
to note the additional factors listed below. 


Oesophageal contrast studies 


* General anaesthesia is contraindicated because 
of the risk of regurgitation and inhalation. Drug- 
induced decreases in oesophageal motility will 
also preclude assessment of oesophageal 
function. In addition, the normal oesophagus 
may appear dilated during general anaesthesia. 

* Oesophageal contrast studies are usually 
contraindicated in very dyspnoeic or collapsed 
patients because of the risk of aspiration. 

* Some authorities argue that a water-soluble 
iodinated contrast medium should be used in 
preference to barium if an oesophageal 
perforation is suspected, as barium is inert and 
will persist in the thoracic cavity. If water-soluble 
iodinated contrast media are chosen, it should 
be remembered that they tend to be very bitter 
(so may not be accepted as readily as barium) 
and are also hypertonic (so that inadvertent 
inhalation may lead to pulmonary oedema). 

+ Liquid contrast medium is useful for outlining 
abnormalities of the oesophageal wall (e.g. 
ulceration, neoplasia, diverticula), intraluminal 
masses or foreign bodies, or for demonstrating a 
perforation. 

* It may be useful to use contrast medium mixed 
with food to show a partial oesophageal obstruction 
or to fill a dilated oesophagus completely. 
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A procedure for oesophageal contrast studies is 


shown in Figure 25.16. 


1. 


2. 


The patient should be conscious, not under general 
anaesthesia. 

Administer orally 5-40 ml liquid barium sulphate, depending on 
the size of the patient and the site and nature of the lesion 
suspected. Alternatively, barium may be mixed with food and 


Take lateral radiographs of the neck and thorax 2-3 minutes 
after administration. A ventrodorsal or dorsoventral view is 
occasionally helpful. If contrast medium is retained, further 


radiographs may be useful to show its subsequent progress. 


| 25.16 | Procedure for oesophageal contrast studies. 


Gastrointestinal contrast studies 

These have now largely been superceded by ultra- 
sonography and endoscopy. However, they may still 
be useful for regions of the small intestine not acces- 
sible to endoscopy, and where ultrasonographic exam- 
ination is inconclusive. 


Preparation of the patient is important in order to 
ensure that the stomach is empty and the colon 
contains minimal faecal material. Food and 
faeces will result in filling defects in the contrast 
column or pool, and thus mimic foreign bodies or 
masses. 

General anaesthesia should not be used, as it 
interferes with gastrointestinal motility and 
increases the risk of contrast inhalation. 
Water-soluble iodinated contrast media may be 
used in cases of suspected perforation. 
Arguments for and against their use are outlined 
in the section on oesophageal contrast studies. 
The hyperosmolarity of the iodinated contrast 
media tends to draw fluid into the lumen of the 
gastrointestinal tract, resulting in progressive 
dilution of the contrast and exacerbation of any 
existing dehydration. 

It is possible to evaluate the large intestine by 
following the barium through from the stomach. If 
a large intestinal lesion is specifically suspected, 
it may be quicker and more efficient to perform a 
barium enema instead, although endoscopy is 
usually the technique of choice in such situations. 
Normally, contrast begins to leave the stomach 
within 30 minutes but may be delayed up to 1 
hour in nervous animals. Emptying of the 
stomach is usually complete within 4—6 hours. A 
delay in gastric emptying may occur in the 
presence of systemic illness (e.g. renal failure, 
peritonitis), with the administration of certain 
drugs (e.g. opioids) or due to gastric outflow 
obstruction. In most animals, the time between 
onset of gastric emptying and appearance of 
barium in the large intestine is between 30 
minutes and 1 hour, although this is very variable. 
Delayed transit may result from systemic illness, 
or from paralytic or obstructive ileus. 
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* Check the contrast pool or column for persistent 
filling defects, which may represent foreign material 
or masses projecting into the lumen (Figure 25.17). 
Since an apparent defect may be caused by a 
peristaltic or segmental contraction, it is important 
to be able to demonstrate that an abnormality is 
consistently found on successive radiographs. 

e Evaluate the walls of the gastrointestinal tract for 
persistent areas of thickening or irregularity. 

* Check for evidence of perforation and 
consequent barium leakage. 


A procedure for upper gastrointestinal contrast 
studies is given in Figure 25.18. 


25.17 A ventrodorsal radiograph of the abdomen of a 
a Golden Retriever taken 2 hours after oral 


administration of liquid barium. Distended small intestinal 
loops are visible in the caudal abdomen. In the right 
cranial abdomen, a corrugated section of intestine 
(arrows) with a streak of barium running centrally 
represents an ileocolic intussusception. 


1. Starve the patient overnight, but allow access to water. 
Administer an enema or allow the animal an opportunity to 
evacuate the bowel naturally before beginning the procedure. 

2. The patient should be conscious or sedated. 

3. Administer 1-2 ml/kg liquid barium sulphate (the higher dose 
rate for smaller animais) either orally or by stomach tube. 

4. Take a lateral projection immediately, centred on the cranial 
abdomen, followed by a ventrodorsal view of the same area. 
5. Ifa gastric lesion is suspected, additional films should be taken 
at approximately 15 and 30 minutes. If anything suspicious is 
seen (e.g. a filling defect or an area of irregularity), the same 
view should be repeated as soon as possible to confirm or rule 
out the suspected problem. It can be useful in some cases to 
take four views of the stomach (right lateral recumbency, left 

lateral recumbency, ventrodorsal and dorsoventral) as the 
barium and any gas in the stomach will occupy different parts 
of the stomach in each view. 

6. For the small intestine, radiographs should be taken at 30 
minutes and thereafter at hourly intervals until a lesion is seen 
or passage of barium into the colon has been demonstrated 
and the stomach is empty. 


(25.18 | Upper gastrointestinal contrast study. 
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Upper urinary tract contrast studies 


* These studies are best carried out under general 
anaesthesia unless this is clinically 
contraindicated, as the intravenous 
administration of the contrast material may result 
in nausea or vomiting. 

+ Aventrodorsal projection of the abdomen 
immediately after injection of the contrast 
agent should show opacification of the renal 
parenchyma. A complete lack of opacification 
on this and subsequent radiographs may 
reflect disruption of the renal blood supply or 
a non-functional kidney. If the kidneys are 
opacified, then their size, shape and position 
should be evaluated. 

* After about 5 minutes, excretion of the contrast 
agent should be apparent, with contrast visible in 
the renal pelvis and ureter on each side. ‘Renal 
shut down’ is a recognized but uncommon 
idiosyncratic reaction to the contrast medium, 
resulting in initial renal opacification but no 
visible excretion. Excretion usually begins a 
short while after administration of intravenous 
fluids and diuretics, and the animal should be 
treated for acute renal failure (see Chapter 8). 
Other reasons for delayed visualization of the 
renal pelvis include pelvic/ureteral dilation or 
obstruction, or severely impaired renal function 
(Figure 25.19). 


(25.19 | Ventrodorsal abdominal radiograph of a young 
Rottweiler taken 5 minutes after intravenous 
injection of a bolus of water-soluble iodinated contrast 
medium. The left kidney has opacified (black arrows) and 
contrast medium is visible in the left renal pelvis and 
ureter. There is a large soft tissue mass in the region of 
the right kidney (white arrows), but no excretion of 
contrast is apparent. The final diagnosis was an enlarged 
and non-functional right kidney due to a renal abscess 


* Once excretion of the contrast agent is 
apparent, any distension of, or filling defects 
within, the ureters can be seen. Loss of 
integrity of a ureter with consequent spillage 
of contrast medium into the retroperitoneal 
space may be seen. Occasionally, the 
ureters may be seen to be intact but displaced 
by a mass or haemorrhage within the 
retroperitoneal space. 


A procedure for intravenous urography is given in 
Figure 25.20. 


1. Except in an emergency, starve the patient overnight but allow 
access to water. Administer an enema and wait for evacuation 
of the bowels before premedication. 

2. Use general anaesthesia unless clinically contraindicated. 

3. If the distal ureters are to be examined, catheterize the bladder 
to empty it of urine and introduce air before administering the 
contrast medium. 

4, Use water-soluble iodinated contrast medium with a high iodine 
concentration (ideally 300-450 mg/ml). Administer 1 ml/kg 
contrast medium rapidly intravenously, as a bolus. 

5. For optimum delineation of the kidneys take a ventrodorsal 
view of the abdomen centred over the kidneys immediately 
after injection of the contrast medium. A ventrodorsal view 
5 minutes later will show opacification of the renal pelvis and 
ureter on each side. 

6. Further films centred on the areas of interest are taken as and 
when required, depending on the indications for the 
examination. Excretion normally continues for at least 1 hour, 
and bladder filling may be seen 10-15 minutes after the 
intravenous injection. If renal function is grossly impaired, 
opacification of the renal pelvis and ureter may not occur or 
may be delayed for several hours. For examination of the distal 
ureters and the vesico-ureteric junction, oblique views of the 
pelvic area may be helpful in addition to the standard lateral 
and ventrodorsal views. 


| 25.20 | Intravenous urography. 


Lower urinary tract contrast studies 


* Itis preferable to ensure that the colon and 
rectum are empty before beginning lower 
urinary tract contrast procedures, as faecal 
material may compress and obscure the 
bladder and prostate. If possible, catheterize 
and empty the bladder once plain radiographs 
have been taken. 

* Apositive-contrast urethrogram (in the male) or 
vaginourethrogram (in the female) should allow 
evaluation of virtually the entire length of the 
urethra (Figure 25.21). Check for any 
irregularity of the urethral wall (e.g. due to 
neoplasia, inflammation or stricture formation), 
filling defects within the contrast column (e.g. 
due to calculi, blood clots, or masses), or 
leakage of contrast into the surrounding soft 
tissues (Figure 25.22). In the male dog, the 
path of the urethra through the prostate should 
be assessed, as an asymmetrical path is 
suggestive of focal prostatic disease (e.g. 
neoplasia, abscessation, cysts). 
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Cystography allows evaluation of the bladder 
wall and lumen. If bladder rupture is suspected, 
positive-contrast cystography is the preferred 
technique (Figure 25.23). Otherwise, double- 
contrast cystography allows accurate 
assessment of the wall for thickening and 
irregularity and of free structures within the 
lumen, such as calculi or blood clots. 


Encourage normal evacuation of the bowel or administer an enema. 
General anaesthesia is generally required except in very sick or 
placid animals. It is not necessary to catheterize and empty the 
bladder unless intending to proceed to cystography. 


1. Fora male dog, take a small balloon catheter and prefill the 
catheter with water-soluble iodinated contrast medium. 
Introduce the catheter into the distal penile urethra and gently 
inflate the balloon to hold it in place 


Position the dog in lateral recumbency with both hindlegs 
drawn well forward 


Inject 5-20 ml of contrast medium via the catheter. Ensure 
radiation safety by wearing appropriate protective clothing and 
standing as far as possible from the primary X-ray beam 
Towards the end of the injection of contrast, take a lateral 
radiograph of the patient, including the caudal abdomen, pelvis 
and perineum 

The technique in the male cat is similar, but it is not possible to 
use a balloon catheter. Instead introduce a plain catheter a 
couple of millimetres into the urethra and hold in place with a 
clamp across the prepuce. A volume of 2-3 ml of contrast 
medium is usually ample 


In males and females, dogs and cats, an alternative approach 
is to introduce the catheter just as far as the bladder. Estimate 
the approximate expected length of the urethra. Begin injecting 
contrast medium and, at the same time, steadily withdraw the 
catheter. Make the X-ray exposure when you judge that the 
catheter has been withdrawn sufficiently so that the tip of the 
catheter lies just in the distal urethra 


For a bitch, prefill a balloon catheter with water-soluble 
iodinated contrast medium 


Place the tip of the balloon catheter inside the vulva and inflate 
the balloon. Place tissue forceps to hold the vulva closed dorsal 
and ventral to the catheter, then gently pull the catheter back 
until the inflated balloon lies just inside the vulva 


Inject contrast at a dose rate of approximately 1 ml/kg body 

weight. Ensure radiation safety by wearing appropriate 

protective clothing and standing as far as possible from the 

primary X-ray beam 

4. Towards the end of the injection, take a lateral radiograph of 
the patient, including the caudal abdomen and pelvis 

5. The technique is similar in the cat, except that it is necessary to 

use a plain catheter rather than a balloon type, held in place 

with a clamp across the vulva 


6. The contrast will usually fill the vagina first and then the 
urethra. Therefore incomplete filling of the urethra may indicate 
an inadequate volume of contrast, leakage of contrast back 
around the catheter, or an animal at or around the time of 
oestrus 


(25.21 | Retrograde urethrography and 
vaginourethrography. 
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| 25.22 | Lateral radiograph of the pelvic region of a cat 
during retrograde urethrography. Contrast is 
spilling into the soft tissues dorsal to the urethra due to 
rupture of the penile urethra. If the catheter had been 
introduced further into the urethra, the rupture might well 
have been missed. 


1. Encourage normal evacuation of the bowel or administer an 
enema. 

2. General anaesthesia is usually required except in very sick or 
placid animals. 

3. Catheterize and empty the bladder. 

4. (a) Positive-contrast cystography: Inject 10-50 ml water-soluble 
iodinated contrast medium through the urinary catheter - a 
high level of iodine is not essential for this technique. Withdraw 
the catheter. 

(b) Double-contrast cystography: Following a positive-contrast 
cystogram, aspirate as much of the contrast medium as 
possible. Roll the patient over so the residual contrast medium 
is spread over the bladder mucosa. Inject 30-200 ml of air 
according to the size of the animal. Inject the air until moderate 
resistance to injection is felt, or until distension of the bladder is 
felt on palpation of the caudal abdomen. Withdraw the catheter. 

5. Take a lateral radiograph of the caudal abdomen as soon as 
possible after introduction of the contrast medium. Ventrodorsal 
and oblique views may be useful on occasion. 


| 25.23 | Cystography. 


Spinal contrast studies 
If available, MRI/CT may be preferred to spinal con- 
trast studies. 


* General anaesthesia is mandatory for such 
procedures. 

+ Itis important that only non-ionic water-soluble 
iodinated contrast media are used. The ionic forms 
are too irritant for use around the spinal cord. 

* Plan the procedure carefully before beginning, 
deciding on the preferred site of puncture and 
the required dose of contrast medium. These 
decisions will be influenced not only by the site 
of the suspected lesion, but the probable stability 
(or otherwise) of the vertebrae in the region. 

+ Once the contrast has been injected, follow its 
path from the site of injection to the region of 
interest, looking carefully for deviation or 
thinning of the contrast columns, which may 
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allow localization of any spinal cord compression 
and differentiation between extradural, 
intramedullary and extramedullary/intradural 
lesions (Figure 25.24). Once a lesion has been 
identified, it is important to take radiographs in at 
least two planes (usually lateral and 
ventrodorsal). 


A procedure for spinal contrast studies is given in 
Figure 25.25. 


(25.24 | A lateral radiograph of the thoracolumbar spine 
of a young Springer Spaniel taken during 
cisternal myelography. The dorsal contrast column flares 
and stops abruptly at the caudal end of T13, outlining the 
cranial end of an extramedullary/intradural mass. 


— 


General anaesthesia is essential. 

2. A water-soluble non-ionic iodinated contrast medium should be 
selected and warmed to approximately body temperature. 

3. Dosage of the contrast medium will depend on both the size of 
the animal and the level of the suspected lesion. A dose rate of 
Kamir up a aAD of 19 Pe Des boon eee but 
this should be reduced if the suspected lesion is close to the 
site of injection. 

4. (a) Cisternal puncture: Place the animal in lateral recumbency. 
Clip the site of puncture and A 


crest and the two wings of the atlas. Place a sterile spinal 
needle, with the bevel facing caudally, perpendicular to the skin 
on the midline in the centre of the triangle formed by these 
landmarks (see Figure 9.3). Advance the needle slowly until a 
‘pop’ is felt as the needle enters the cisterna magna. Withdraw 
the stylet and wait for the flow of CSF, which indicates correct 
needle placement. If the tap is bloody, then withdraw the 
needle and repeat the procedure with a clean needle. 

(b) prt ahi acl The animal may be placed in either lateral 


the tip of the needle forwards along the bone until it passes 
through the intervertebral space. The needle passes for a short 
eeraa, ccrtina bao ta thie cota due cae A 
a twitch of the hindlimbs or tail is noted as the needle passes 
through the cauda equina. CSF is not invariably obtained, even if 
the needle is correctly located, so a test inj of contrast 
medium may be required to check the position of the needle tip. 
5. Inject the required dose of contrast medium slowly, then 

withdraw the needle. 


6. Following contrast medium injection, lateral radiographs are 
taken, starting at the site of the injection, and 
ee oe ee ee 
the case of lumbar injection) the spinal column to follow 
flow of contrast medium. If it fails to flow, thon tmay bolo fot 
the animal head up (if the contrast medium was given cisternally), 
or to apply traction to the spinal column. If a lesion is found, 
then a ventrodorsal view of the region should also be taken. 


25.25 ] Myelography. 


Ultrasonography 


Diagnostic ultrasonography is an imaging technique 
that is a very useful complement to radiography. Ultra- 
sonography is a safe non-invasive technique which 
produces cross-sectional images of the soft tissues 
of the body. Information regarding the internal archi- 
tecture of organs may therefore be obtained. In addi- 
tion, these images are continuously updated, so that 
movement of structures may be seen. Consequently, 
ultrasound examination is an extremely valuable 
imaging tool in critical patients. Furthermore, the 
patient can usually be allowed to adopt a comfortable 
position with minimal restraint during ultrasonographic 
examination. This is particularly helpful in critically 
ill and injured animals which may be in an unstable 
or fragile state. 

Ultrasonography does, however, have limitations. 
The ultrasound beam is effectively blocked by bone 
or gas, so that the information gleaned from imaging 
skeletal structures, or gas-filled organs such as the 
lung or, on occasions, the gastrointestinal tract, is of- 
ten minimal. 

It may be useful to bear in mind the following princi- 
ples when planning an ultrasonographic examination: 


* Select the scanning site carefully by choosing 
an area of the body surface overlying the organ 
or tissue of interest, but avoiding intervening 
bone or gas 

* Clip hair from the skin of the scanning site, clean 
the skin carefully and apply liberal quantities of 
acoustic gel to ensure good acoustic contact 

* When a choice is available, select as high a 
frequency of sound as you can while still 
achieving an adequate depth of tissue 
penetration. In general, high-frequency sound 
(e.g. 7.5 MHz) will not penetrate as deeply, but 
will provide better image resolution than lower- 
frequency sound (e.g. 5 MHz) 

* Once an image is obtained, optimize the detail 
by adjustment of gain controls, such that there is 
an even brightness throughout the depth of the 
image. Too dark an image will result in loss of 
visible detail, whereas too bright an image may 
obscure detail with background ‘noise’ 

* Ensure that a thorough ultrasonographic 
examination is carried out, sweeping the sound 
beam through the entire area of interest, in at 
least two planes of section 

* Colour-flow and spectral Doppler techniques may 
be useful in some cases in order to define blood 
flow (in terms of direction, nature and velocity) 
within the cardiac chambers and great vessels. 


Thorax 

The most common reason for ultrasonographic ex- 
amination of the thoracic cavity is to evaluate the heart. 
While radiography enables an assessment of the 
shape and size of the cardiac silhouette only, ultra- 
sonography will allow visualization of the separate 
chambers, great vessels and valves. For a full de- 
scription of the recommended protocol for ultrasono- 
graphic examination of the heart and the abnormalities 


367 


Chapter 25 Imaging techniques for the critical patient 


which may be found, see References and further read- 
ing. However, the following points may be helpful in 
assessing the critical patient: 


* Pericardial fluid appears as an echolucent 
(black) band around the heart. It is important to 
evaluate the regions of the heart base and the 
right atrium carefully for evidence of hypoechoic 
(grey) masses, which when present are usually 
neoplastic and the underlying cause of the 
effusion. Collapse of the right atrial wall during 
systole is evidence of cardiac tamponade (see 
Figure 25.9) and is an indication for immediate 
drainage of the pericardial fluid 

* The thickness of the myocardium should be 
assessed. The myocardium may be thickened as 
a physiological response to a cardiovascular 
abnormality (e.g. right ventricular hypertrophy in 
response to pulmonic stenosis) or as part of the 
primary disease process (e.g. hypertrophic 
cardiomyopathy) 

* Chamber size should be evaluated. Ventricular 
dilation may be seen as a consequence of 
volume overload (e.g. a left-to-right shunting 
ventricular septal defect will result in pulmonary 
overcirculation and dilation of the left atrium and 
ventricle). Atrial dilation may occur in response 
to pressure or volume overload (e.g. reduced 
ventricular compliance as in hypertrophic or 
restrictive cardiomyopathy; atrioventricular 
valve insufficiency). A right parasternal short 
axis view of the base of the heart shows the 
left atrium adjacent to the aorta. An evaluation 
of the ratio of the diameters of the left atrium 
and aorta (normally around 1:1) gives a useful 
indication of atrial dilation (Figure 25.26). A left 
atrium to aortic ratio of greater than 1.5:1 is 
considered abnormal 

* The leaflets of each of the major valves should 
be assessed. Thickening and irregularity of 
valve leaflets may be seen in congenital 


| 25.26 | Right parasternal short axis view of the heart of 
a cat with marked dilation of the left atrium 


associated with cardiomyopathy. The left atrium (LA) to 
aortic (Ao) ratio is approximately 3:1 
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(valvular dysplasia) or acquired disease 
(endocardiosis, endocarditis). An abnormal 
motion may also sometimes be seen (e.g. 
rupture of chordae tendinae) 

* Myocardial contractility may also be evaluated. 
It is useful to view overall myocardial 
movement on both long and short axis sections, 
in order to detect regions of myocardium with 
abnormal or reduced movements. M mode 
measurements may then be made in an 
attempt to quantify contractility — a number 
of different measurements may be made, 
but the potential limitations of each should 
be appreciated. For a full discussion of this 
complex area, see References and further 
reading. Myocardial activity may be reduced 
(e.g. due to myocardial disease) or increased 
(e.g. in association with atrioventricular valve 
incompetence). 


The remaining structures in the thoracic cavity are 
not usually visualized in the normal animal, as they 
are obscured by air-filled lung. Thoracic ultrasonogra- 
phy is, however, an extremely useful way to confirm 
the presence of pleural effusion prior to thoracocen- 
tesis in dyspnoeic patients when radiography is con- 
sidered too high a risk. Also, the presence of free 
thoracic fluid will act as an acoustic window, outlining 
and separating thoracic structures. If sufficient fluid is 
present, the great vessels may be followed in the 
mediastinum, partially collapsed lung lobes can be 
recognized and any solid masses lying within the fluid 
identified. The fluid itself usually appears echolucent 
(black), although the presence of particulate matter, 
gas bubbles or a highly cellular content may result in 
echoes swirling within the fluid. 


Abdomen 

The presence of free abdominal fluid, as in the thor- 
acic cavity, enhances ultrasonographic visualization 
by outlining and separating structures. If only a small 
amount of free fluid is present, it will tend to accumu- 
late in dependent parts of the abdomen and is most 
easily visualized between liver lobes or around the 
cranial pole of the bladder (Figure 25.27). 


Sagittal image of the cranial abdomen of a dog 
25.27 
showing a small volume of free abdominal fluid 


(arrows) lying between the liver and the diaphragm 
(GB, gall bladder) 
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Liver and spleen 
It is preferable to fast the patient for 12 hours before 
imaging the liver, as a food-filled stomach will obscure 
part of the liver. It is acceptable to allow the patient to 
drink, as fluid within the stomach does not impair im- 
age quality and indeed may act as a useful landmark. 
Evaluation of the hepatic and splenic parenchyma 
may reveal irregularity of the surface of the organ, 
and focal or diffuse disturbances of the parenchymal 
architecture (Figure 25.28). Such changes are usu- 
ally indicative of disease, but are non-specific. For 
example, circumscribed nodules in the hepatic or 
splenic parenchyma may be neoplasia, hyperplasia, 
abscesses, infarcts, haematomas or granulomas. 
Equally, a normal ultrasonographic appearance does 
not preclude disease. Therefore, a fine needle aspi- 
rate or tissue core biopsy may be required for a de- 
finitive diagnosis. 


| 25.28 | Ultrasonographic image of the spleen of a 
Labrador Retriever presented with pericardial 


effusion. A focal, loculated lesion bulges slightly from the 
surface of the spleen. The final diagnosis was 
haemangiosarcoma involving the right atrium and spleen. 


The vascular supply can also be assessed. In the 
spleen, major vessels are only visible in the hilar re- 
gion. In the liver, the caudal vena cava and portal veins 
can be identified, as well as their intrahepatic branches 
and tributaries. Thus venous congestion can be rec- 
ognized, as well as intraluminal thrombi or neoplastic 
invasion. Vascular anomalies, such as portosystemic 
shunts and arteriovenous fistulation, may also be rec- 
ognized by the presence of single or multiple tortu- 
ous anomalous vessels. 

Within the liver, the gall bladder is readily seen, 
but the intrahepatic bile ducts are not usually visible. 
Distension of the common bile duct and subsequently 
the intrahepatic bile ducts can be detected in cases 
of obstructive jaundice. 


The kidneys and adrenal glands 

Ultrasonography provides a clear demonstration of the 
renal cortex, medulla and pelvis. Blurring or distortion 
of the normal architectural pattern indicates renal 
parenchymal disease but, once again, many of the 


changes seen are non-specific. In the critical patient, 
ultrasonography may be useful in differentiating 
between renal failure due to an acute renal insult or 
prerenal causes, when the kidney often appears ultra- 
sonographically normal, and renal failure due to 
established underlying renal disease, when ultrasono- 
graphic changes can often be seen (Figure 25.29). 


KIDNEY F 


| 25.29 | Ultrasonographic image of the right kidney of a 
9-year-old Lhasa Apso, showing hyperechoic 
wedge-shaped cortical lesions consistent with infarction. 


Dilation of the renal pelvis (e.g. due to ureteral 
obstruction, or ascending urinary tract infection) is 
readily detected. Dilation of the proximal ureter as it 
leaves the kidney and of the distal ureter as it ap- 
proaches the bladder may be detected, but the mid- 
dle section is often difficult to distinguish. 

The adrenal glands may be identified medial to 
the cranial pole of each kidney in close apposition to 
the aorta (left adrenal) or caudal vena cava (right ad- 
renal), providing the patient is not too obese. The 
adrenal glands are normally hypoechoic elongated 
structures. Enlargement of the gland, with loss of the 
normal elongated shape and even echotexture, may 
be seen with either adrenal hyperplasia or neoplasia. 
Remember to check the adjacent great vessels for 
evidence of invasion or thrombus formation if an ad- 
renal mass is found. 


The bladder and prostate 

Ultrasonographic examination of the bladder allows 
careful evaluation of the wall for regions of thickening 
or irregularity or for discrete masses projecting into 
the lumen. It may be helpful in treatment planning to 
determine the precise location of any mass relative 
to the bladder neck and the points of entry of the 
ureters, as well as the size of the mass. It is difficult to 
differentiate between a polypoid or neoplastic mass 
and a blood clot adherent to the bladder wall. Sequen- 
tial examinations over a period of time may be re- 
quired to clarify the situation. Calculi, irrespective of 
their mineral composition, are seen as echogenic 
structures lying in the dependent part of the bladder. 
Hypoechoic masses floating freely within the lumen 
of the bladder are likely to be blood clots. 

The prostate gland is located caudal to the bladder 
and may be predominantly intra-abdominal or intrapel- 
vic in location. It should be smooth in outline, with an 
evenly granular hypoechoic appearance. Small fluid foci 
measuring <1 cm in diameter are considered normal 
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findings. Larger fluid foci may represent intraprostatic 
cysts, haematocysts, abscesses or tumours with 
necrotic centres. Disturbance of the normal paren- 
chymal architecture may occur as a result of either 
inflammatory or neoplastic disease. Therefore, fine 
needle aspiration of fluid foci and tissue core biopsy 
of disturbed parenchyma may be necessary for a de- 
finitive diagnosis. 


The uterus 

Ultrasonography is the imaging modality of choice for 
differentiation between uterine enlargement due to 
pregnancy and that due to disease. From 3—4 weeks 
of gestation onwards, fetal structures may be clearly 
recognized within the uterus, and fetal viability as- 
sessed in terms of generalized fetal movements and 
fetal cardiac activity. Cessation of fetal movements 
and subsequent loss of fetal structure is indicative of 
fetal death. In the absence of fetal structures, accu- 
mulation of fluid within the uterus is abnormal and 
usually indicates pyometritis. 


The gastrointestinal tract and pancreas 
The gastrointestinal tract is amenable to ultrasono- 
graphic examination provided it does not contain ex- 
cessive gas. If a high-frequency transducer is used to 
obtain images of optimal quality, then a distinct lay- 
ered appearance of the wall of the stomach and small 
intestine is seen. The alternating hyperechoic and 
hypoechoic layers correspond exactly to the histologi- 
cal layers of mucosa, submucosa, muscularis and 
serosa. The lumen may be collapsed, with a central 
hyperechoic streak representing residual mucus and 
ingesta, or may be fluid filled. In the normal animal, 
peristaltic and segmental contractions can be seen. 
Gross thickening of the wall may be detected, 
either with retention of the normal layered structure 
(usually hypertrophy or inflammation) or loss of nor- 
mal architecture (severe inflammation or neoplasia). 
If abnormal fluid distension of the stomach or small 
intestinal loops is seen, it is useful to determine 
whether peristaltic and segmental contractions remain, 
or whether they are reduced or absent. If fluid is 
present within the gastrointestinal lumen, then foreign 
material or intraluminal masses may become evident. 
The pancreas is difficult to image ultrasono- 
graphically, partly because of its awkward location and 
partly because of its poorly defined margins. It lies in 
the right cranial quadrant of the abdomen, with the 
right limb closely apposed to the descending loop of 
the duodenum. In acute pancreatitis, the pancreas 
becomes enlarged, often with hypoechoic regions rep- 
resenting necrosis and haemorrhage. The adjacent 
duodenum may be dilated and static, with a thickened 
wall. Free abdominal fluid and increased echogenicity 
of fat may also be noted in this region. 


Computed tomography and 
magnetic resonance imaging 


Advanced imaging techniques are now increasingly 
widely available to veterinary surgeons, and there- 
fore warrant consideration for the emergency or criti- 
cally ill patient. 
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Computed tomography (CT) makes use of X-rays 
to produce detailed cross-sectional images of the 
patient. Initial images are usually acquired in the trans- 
verse plane, but may then be reconstructed to produce 
images in a variety of planes, with three-dimensional 
reconstruction also possible given appropriate software. 
The grey scale of the image can be manipulated by 
selection of window width and level, thus enhancing 
either bone or soft tissue detail. Scanning times with 
older equipment can be quite long, but modern helical 
and multi-channel technologies have greatly reduced 
scanning times, thus enabling imaging of not only the 
skull and spine, but also the thorax and abdomen. CT 
demonstrates bony structures particularly well, but soft 
tissue structures can also be seen. Administration of 
contrast medium intravenously allows blood vessels 
to be identified. 

Magnetic resonance imaging (MRI) uses completely 
different principles; a combination of radiowaves and 
a powerful magnetic field allows acquisition of cross- 
sectional images with exquisite soft tissue detail (Fig- 
ure 25.30). Image contrast will depend on the spin-echo 
pulse sequence selected, and the relaxation proper- 
ties of individual tissues. Bony structures are generally 
not imaged as well as with CT, but some information 
can still be gained. Image acquisition times are gener- 
ally longer than with CT, so MRI examination is usually 
confined to the skull or spine, where respiratory move- 
ment is not an issue. 


GED Transverse T2-weighted MR image of the 
cranium of a 9-week-old Jack Russell Terrier 
puppy that had been bitten on the head by another dog. 
A depressed cranial fracture is visible with an abnormal 
hyperintense signal from the adjacent brain parenchyma 
and temporal muscle indicating oedema and 
haemorrhage. Subdural haemorrhage is not present 
(Courtesy of Ruth Dennis, Animal Health Trust) 


The use of CT or MRI often necessitates referral of 
the patient to a centre with the relevant imaging equip- 
ment, or waiting for the next local visit of a mobile 
MRI/CT imaging unit. Furthermore, general anaesthe- 
sia is always essential for MRI, and often required for 
CT despite the shorter scanning times achieved with 
modern equipment. This means that MRI and CT are 
unlikely to be used in the initial evaluation of a critical 
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and unstable patient except ina few specialist centres. British Veterinary Association (2002) Guidance Notes for the Safe Use 
However, either technique may provide valuable infor- ee eee ee ee 
mation once the patient has been stabilized. Burk RL and Feeney DA (2003) Small Animal Radiology and 
Ultrasonography, 3rd edn. WB Saunders, Philadelphia 
Nyland TG and Mattoon JS (2001) Small Animal Diagnostic Ultrasound. 
Elsevier Health Sciences, Philadelphia 


References and further reading Suter PF (1984) Thoracic Radiography of the Dog and Cat. Wettswil, 

eee Switzerland 

Boon JA (1998) Manual of Veterinary Echocardiography. Williams and Thrall DE (2002) Textbook of Veterinary Diagnostic Radiology, 4th edn. 
Wilkins, Baltimore WB Saunders, Philadelphia 


371 


26 


Nursing care of the 


critical patient 


Emily Savino, Elisa A. Petrollini and Dez Hughes 


Introduction 


Advanced veterinary nursing is an integral and essen- 
tial part of the management of the critically ill patient. 
In addition to providing advanced traditional nursing 
care, most intensive monitoring should also be per- 
formed by the veterinary nurse. Indeed, the ability to 
detect early and subtle changes in an animal's clinical 
status is one of the hallmarks of a true critical care 
nurse. The critical care nurse must be able to assess 
several animals rapidly, identify the most unstable and 
prioritize care to the sickest patients first. In addition to 
triaging emergency patients effectively, the critical care 
nurse must become proficient at assessing hospital- 
ized patients, observing them for changes in their physi- 
cal condition and monitoring trends in specific 
parameters as requested by the clinician. 

Effective patient assessment necessitates a full 
understanding of how to perform and interpret a clini- 
cal examination. It also demands in-depth familiarity 
with the specialized equipment used for monitoring criti- 
cally ill patients, and some expertise in recognizing 
which abnormalities require urgent attention from a 
veterinary surgeon. In addition to monitoring, sophisti- 
cated therapeutic and supportive modalities, such as 
positive pressure ventilation and peritoneal dialysis, 
require very specialized knowledge regarding the ap- 
plication and complications of these techniques. 

The workload inherent in the provision of critical 
care demands changes in the traditional role of the 
veterinary nurse as basic care and comfort provider. 
There is simply too much work for all treatments and 
monitoring to be performed by a veterinary surgeon. 
Critical care requires a team approach and the criti- 
cal care nurse fills a unique role that greatly extends 
and supplements the capabilities of the veterinary 
surgeon. Critically ill patients require continuous 24- 
hour care; it is virtually impossible to perform critical 
care to a high standard without proficient, round the 
clock nursing coverage. 

The major body systems are those that perform 
functions vital to the immediate survival of the ani- 
mal, i.e. the cardiovascular, respiratory, central ner- 
vous and urinary systems. Changes in a major body 
system can have immediate and life-threatening con- 
sequences, therefore intensive monitoring of these 
particular systems is used to detect signs that may 
predict development of a problem before it becomes 
serious. The critically ill patient is sufficiently fragile 
that worsening of a problem affecting one major body 
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system can rapidly progress to be fatal. Early recog- 
nition and action to prevent possible complications 
are fundamental parts of critical care. A convenient 
and helpful approach to critical care nursing is to con- 
sider the monitoring and nursing care applicable to 
each major body system. When examining a critically 
ill patient, the deleterious effects of stress on the ani- 
mal cannot be overemphasized. The need to monitor 
these animals must be balanced against the recogni- 
tion that manipulating some patients, especially those 
with severe respiratory compromise, can be fatal. 

Examples of basic and advanced critical care nurs- 
ing orders for treatment and monitoring of critically ill 
patients are given in Figures 26.1 and 26.2, and an 
example of a typical intensive care unit (ICU) treat- 
ment order sheet is given in Figure 26.3. 


Rectal temperature every 4-12 hours 

Mucous membrane colour, capillary refill time, pulse quality and 
heart rate every 2-12 hours 

Respiratory rate and effort, auscultation of the lungs every 2-12 hours 
Note urine output or palpate bladder every 2-6 hours 

Note mentation and neurological status every 2-6 hours 

Note the presence of vomiting, regurgitation or bowel movements 
every 4-8 hours 

Assess comfort and adequacy of pain control every 2-4 hours 

Turn from side to side if recumbent or stand and walk the patient 
every 4 hours 

Lubricate eyes with artificial tears if the animal is sedated and 
unable to blink, every 2-4 hours 

Offer water and/or food (specify food type and amount unless ‘nil by 
mouth’) and record volumes ingested 

Check oxygen supplementation percentage every 2-4 hours 
Check that intravenous fluids are of the type requested and are 
running at the correct rate every 2 hours 

Check position, degree of tightness, adequacy of venous drainage 
and cleanliness of all bandages every 4-8 hours; replace if 
necessary 

Heparinize and evaluate patency of all intravenous catheters every 
4-6 hours 

Packed cell volume, total solids, dipstick blood glucose and dipstick 
blood urea nitrogen estimation every 2-24 hours 


( 26.1 | Basic nursing monitoring orders applicable to 
most critically ill dogs and cats should include 
most of the above parameters. The frequency and 
interval of monitoring will depend on the severity of 
illness, the rate at which the patient's condition is 
changing and the type of disease. 
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Continuous or intermittent electrocardiography (ECG); note dysrhythmias 

Blood pressure monitoring (direct or indirect) continuous or every 2-12 hours 

Central venous pressure monitoring continuous or every 2-6 hours 

Pulmonary artery or pulmonary capillary wedge pressure monitoring continuous or every 2 hours 
Pulse oximetry continuous or every 2-12 hours 

End-tidal capnography continuous or every 2-12 hours 

Arterial blood gas analysis every 2-24 hours 

Urine output quantitation via closed collection system every 2-4 hours 

Intra-abdominal pressure monitoring every 2-6 hours 

Electrolyte measurement every 4-24 hours 

Colloid osmometry every 4-24 hours 

Nebulize and coupage 10-20 minutes every 4-6 hours 

Check and clean inner cannula of tracheostomy tube every 2-4 hours 

Aspirate chest tubes every 2-4 hours, record volumes of air/fluid obtained 

Record mechanical ventilator settings, airway pressures and tidal volume every 2 hours 
Peritoneal dialysis: infuse dialysate, dwell and drain every 1-2 hours, record volumes and quality of fluid obtained 


| 26.2) Advanced nursing monitoring and treatment orders applicable to critically ill dogs and cats could include 
many of the above parameters. The frequency and interval of monitoring will depend on the severity of illness, 
the rate at which the patient's condition is changing and the type of disease. 


+ AN a OL Feel An example of a 

ri em treatment sheet for a 
ES Mnpin S\bo Eemi Chis typical ICU patient. 
For this hospital, the 
convention is to place 
an X at the time a 
treatment or monitoring 
is ordered, and to 
circle the X once the 


; - treatment has been 
O plyte H mth completed. 


@ mm, CRT, pee AR, pulses q ehr agost i (EDB, extended 
1- r database (PCV, TS/TP, 
©) dopplir 4 » € glucose, Azostick, 
@ sp q Hho serum electrolytes, 
© EDB Q 12 wr Ð venous blood gases); 
P 4 MDB, minimum 
>) MD b A malka wa 8hr database (PCV, TS/TP, 


a, imgikg WV 44 he glucose, Azostick)) 


| 


is E 
Arm | 


ull 


— 
im a 
CEA 
eel 
E 
== 
AR 
=A 
=a 
el 
= 
= 
ae 
| 
u 
oa 
=| 


373 


Chapter 26 Nursing care of the critical patient 


Monitoring and nursing care of the 
cardiovascular system 


Basic cardiovascular assessment involves evaluation 
of mucous membrane colour, capillary refill time (CRT) 
and vigour, pulse quality and heart rate. This is sup- 
plemented as appropriate by more advanced moni- 
toring, which can include measurement of arterial 
blood pressure, central venous pressure and continu- 
ous electrocardiography, depending on the needs of 
the individual patient. 


Mucous membranes and capillary refill 
time 

The oral mucous membrane colour is usually easiest 
to assess and the best site to use for CRT is the gingiva 
above the canine tooth. A normal animal should have 
pink mucous membranes with a vigorous capillary re- 
fill that takes 1—1.25 seconds. Mucous membranes in 
normal cats are significantly paler than in dogs. Pale, 
white, grey or muddy mucous membranes usually in- 
dicate poor perfusion or anaemia. Red or injected mem- 
branes may be associated with excitement, fever or 
the systemic inflammatory response syndrome (SIRS) 
seen with sepsis, severe pancreatitis, metastatic neo- 
plasia or other causes of severe and extensive tissue 
damage. Cyanosis (blue or purple colour) indicates 
severe and life-threatening arterial hypoxaemia neces- 
sitating immediate oxygen supplementation. Icterus 
may be due to increased red blood cell destruction, 
liver disease or obstructions to bile flow. Other rare 
abnormalities of mucous membrane colour include the 
brown membranes seen with paracetamol (acetami- 
nophen) poisoning in cats and the cherry red colour 
caused by carbon monoxide poisoning. A slow CRT 
indicates a reduction in blood flow through the periph- 
ery and occurs most commonly with hypovolaemia and 
heart failure. A fast CRT can be seen in excited ani- 
mals, with fever and SIRS, and following mild to mod- 
erate haemorrhage when the cardiovascular system 
can still compensate for the blood loss. 


Pulses 

Both femoral and dorsal pedal pulses should be care- 
fully palpated. Pulse palpation is usually more diffi- 
cult in cats than in dogs and accurate evaluation of 
pulse quality takes a great deal of practice. Femoral 
pulses are usually the easiest to feel; however, famili- 
arity with where to feel a dorsal pedal pulse can be 
extremely helpful. The dorsal pedal pulse is palpated 
from the dorsal pedal artery on the craniomedial as- 
pect of the proximal metatarsus (Figure 26.4). This 
pulse becomes non palpable (is ‘lost’) earlier than the 
femoral pulse in animals with poor perfusion. Absence 
of a dorsal pedal pulse can provide a rough estimate 
of blood pressure; patients with a non-palpable dor- 
sal pedal pulse will typically have a systolic blood pres- 
sure that is below 80 mmHg. If the dorsal pedal pulse 
cannot be palpated, the animal should be evaluated 
for the presence of shock (see Chapter 3). Measure- 
ment and ongoing monitoring of arterial blood pres- 
sure may be important in these cases (see Chapter 
3). Palpation of the dorsal pedal pulse is also useful 
in animals in which the femoral pulse is difficult to feel, 
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| 26.4 | The dorsal pedal pulse is palpated on the 
craniomedial aspect of the hindleg below the 

hock. It can be a useful means of assessing the 
cardiovascular status of critically ill dogs. Inability to 
feel this pulse can indicate the presence of shock 
and hypotension. 


such as obese or heavily muscled breeds. Fractious 
animals and animals with femoral or pelvic fractures 
will often tolerate palpation of a dorsal pedal pulse 
but not a femoral pulse. 

Normal pulses are synchronous with the heartbeat 
and should not vary in strength. Asynchronous pulses 
or variations in pulse strength usually indicate the pres- 
ence of a cardiac dysrhythmia and should be evalu- 
ated via an electrocardiogram (ECG). 


Heart rate and rhythm 

The vast majority of unstressed dogs have a heart 
rate of 80-120 beats per minute in the setting of an 
emergency clinic regardless of their body weight. The 
effect of body size on heart rate has been somewhat 
overemphasized. Normal heart rate in cats in a vet- 
erinary clinic usually varies from 170-200 beats per 
minute. Abnormal heart sounds, including murmurs, 
dysrhythmias, gallop rhythms or muffled heart sounds, 
should be noted and monitored. 

Animals with abnormalities of heart rate or rhythm 
should be monitored with a continuous ECG. Adhe- 
sive patches (Figure 26.5) for the ECG leads are of- 
ten tolerated much better than clips; however, the skin 
must be clipped, cleaned with alcohol, then dried to 
ensure good contact. The adhesive patches may des- 
iccate over time and usually require replacing every 
day to maintain good skin contact. Specialized ECG 
leads are available to attach to the pads, or alterna- 
tively alligator clips can be attached directly to the 
contact button of the adhesive patch. After applying 
the skin contacts, it is often wise to let the animal set- 
tle in its cage before attaching the leads. Any abnor- 
malities noted on the ECG should be recorded for 
review by a veterinary surgeon (see Chapter 6). In 
cases with cardiac disease or anuria that require fluid 
therapy, it is helpful to measure central venous pres- 
sure (CVP) to avoid fluid overload (see Chapter 4). 
Arterial blood pressure monitoring is also a vital part 
of ongoing monitoring of the critical patient with evi- 
dence of cardiovascular dysfunction (see Chapter 3). 
In addition, the respiratory rate and effort should be 
closely monitored. 


Monitoring and nursing care of the 
respiratory system 


All veterinary staff must remain acutely aware of the 
fragility of the dyspnoeic patient, and the risks of any 
procedures in these patients must be carefully 
weighed against the potential benefits. The stress of 
restraint for placement of an intravenous catheter can 
prove fatal, especially in dyspnoeic cats. Conse- 
quently, the physical examination and diagnostic tests 
may need to be performed in stages. Handling and 
manipulation of the patient should be kept to a mini- 
mum and the animal should be given ample time to 
rest between procedures. Most dyspnoeic cats will 
benefit from a period in a high concentration of sup- 
plemental oxygen in an oxygen cage or incubator prior 
to a complete evaluation. 


Examination 

Evaluation of the respiratory system usually includes 
determination of respiratory rate, evaluation of respi- 
ratory effort and auscultation of the lungs. A normal 
animal should have a respiratory rate of 15-30 breaths 
per minute and very little apparent chest movement, 
because the major contribution to a normal inspira- 
tion comes from diaphragmatic contraction. During 
normal inspiration, diaphragmatic contraction dis- 
places abdominal viscera in a caudal direction and 
the abdominal wall moves out. Animals in respiratory 
distress exhibit postural adaptations to dyspnoea 
which include standing rather than sitting, abduction 
of the elbows, increased abdominal movement, ex- 
tension of the neck and open-mouth breathing. Para- 
doxical abdominal movement can also occur as 
dyspnoea worsens. Increased intercostal movement 
draws the diaphragm and abdominal viscera crani- 
ally, and the abdominal wall moves inwards instead 
of outwards during inspiration. Some of the postural 
manifestations of dyspnoea vary between dogs and 
cats. Dogs prefer to stand with abducted elbows, while 
cats tend to sit in sternal recumbency. Constantly 
changing body position in cats implies a much worse 
degree of dyspnoea than it does in dogs. Lateral 
recumbency and open-mouth breathing caused by 
dyspnoea is a serious sign in a dog and often means 
impending death in a cat. 
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| 26.5 | Adhesive 
patches are 
available for ECG lead 
attachment for continuous 
monitoring of critically ill 
patients. The skin is 
clipped and cleaned, then 
the adhesive patch is 
applied to the skin and 
taped in place. 
Specialized ECG leads 
can be obtained to attach 
to the patches 
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In a dyspnoeic animal the respiratory pattern can 
help localize the site of disease in the respiratory tract. 
This proves especially useful in two common situa- 
tions. An upper airway obstruction is usually associ- 
ated with a prolonged inspiratory time with inspiratory 
stridor or stertor and a short expiration. If possible 
without undue stress to the patient, body tempera- 
ture should be measured as soon as possible in ani- 
mals that might have an upper airway obstruction. The 
main thermoregulatory mechanism in the dog is pant- 
ing, thus upper airway obstruction can be associated 
with dangerously high body temperatures. Small air- 
way disease, such as feline asthma, typically has a 
longer expiratory than inspiratory phase, with increased 
abdominal effort. Most other causes of dyspnoea are 
associated with mixed respiratory patterns. 

Pulmonary auscultation in the dyspnoeic patient is 
difficult to master, but is a skill that should be perfected 
by every critical care nurse. The easiest way to ensure 
a complete auscultation is to divide the chest into a 
noughts and crosses board, then auscultate each 
square (Figure 26.6). Lung sounds are normally slightly 
louder and coarser in the cranioventral lung fields com- 
pared to the caudodorsal fields. Lung sounds should 
be symmetrical when the same area is compared on 
both sides of the chest. Pleural space disease, such 
as pleural effusion or pneumothorax, causes muffling 
of lung sounds, whereas small airway or parenchymal 


| 26.6 | Auscultation is a vital part of monitoring the 
respiratory system 
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disease usually makes them louder. On auscultation, 
a pneumothorax produces diminished breath sounds 
dorsally, whereas a pleural effusion more commonly 
causes diminished lung sounds ventrally. Ausculta- 
tion of crackles may indicate pulmonary oedema 
caused by fluid overload, congestive heart failure or 
chronic pulmonary parenchymal disease such as pul- 
monary fibrosis. 


Oxygen therapy 

Oxygen therapy is often necessary in the patient with 
respiratory disease. Oxygen can be supplemented 
using an oxygen cage, oxygen mask or via an intrana- 
sal tube (see Chapter 7). An oxygen cage (Figure 26.7) 
allows the inspired oxygen concentration to be closely 
controlled (between room air and 100%) and is the least 
stressful method of oxygen administration. The inac- 
cessibility of animals in an oxygen cage is often sug- 
gested as a drawback of this method of oxygen delivery; 
however, the reduced manipulation can be to their ben- 
efit. Opening the door to the cage should be avoided 
and the small access ports should be used whenever 
possible, to avoid rapid changes in oxygen concentra- 
tion. Oxygen masks can be useful when a procedure 
must be performed on a dyspnoeic animal; however, 
many dyspnoeic animals will not tolerate a mask. In 
these cases, simply holding the oxygen tubing in front 
of the mouth and nose can suffice (‘flow-by’ oxygen, 
see Chapter 7). Intranasal oxygen delivery is conven- 
ient for longer-term supplementation of lower concen- 
trations of oxygen. It requires the placement of an 
intranasal catheter or nasal prongs (see Chapter 7), 
which may not be tolerated by some animals. Place- 
ment can be greatly facilitated by instillation of local 
anaesthetic into the nostril 10 minutes prior to the pro- 
cedure. Placement of an intranasal catheter is often 


| 26.7 | This oxygen cage can be adjusted toa 
26.7 a A 
specific temperature, percentage humidity and 


oxygen concentration based on patient requirements. To 
minimize stress to dyspnoeic patients, treatments may be 
completed through the pull-down window in the front of 
the cage, without causing a significant reduction in the 
oxygen concentration 
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too stressful for a severely dyspnoeic animal, espe- 
cially one that has just been presented to the veteri- 
nary surgeon as an emergency. Ideally, all methods of 
oxygen supplementation should include some form of 
humidification of the inspired gas. Humidification con- 
sists of the saturation of the inspired oxygen with water 
vapour, which helps to prevent damage to the airway 
mucosa by dry air. 

When there is evidence of lung disease on clinical 
examination, lung function should be assessed using 
pulse oximetry or, ideally, arterial blood gas analysis. 
An arterial blood sample allows measurement of the 
arterial partial pressure of oxygen (P,O.), whereas pulse 
oximetry measures haemoglobin saturation (S,O.) (see 
Chapter 7). Pulse oximetry is non-invasive, requiring 
only that a light transmitting and receiving probe be 
placed on the animal. The tongue, ear, lip, toe or in- 
guinal skin fold can all be used as sites for probe place- 
ment. Unfortunately, the accuracy of the pulse oximeter 
can be significantly affected by movement of the ani- 
mal, inadequate clipping of the placement site, poor 
perfusion or pigmented mucous membranes or skin. 
Failure to achieve a good signal strength or waveform 
on the instrument display should lead one to question 
the accuracy of the results. Arterial blood gas samples 
are usually obtained from the femoral (Figure 26.8) or 
dorsal pedal artery and allow measurement of the par- 
tial pressure of oxygen, carbon dioxide and pH. If in- 
frequent samples are anticipated, the samples can be 
obtained by puncture with a fine (25 or 26 gauge) nee- 
dle. If repeated sampling is likely to be necessary, it is 
often safer and less stressful on the animal to place a 
catheter percutaneously into the dorsal pedal artery 
(see Chapter 2). 


ar 


| 26.8 | Samples of arterial blood are obtained by 
percutaneous puncture of the femoral (shown 


here) or dorsal pedal arteries. Specialized pre-heparinized 
syringes are available or alternatively standard 1 ml 
syringes can be flushed with heparin. 


The goal of oxygen therapy is to maintain a P,O, 
of at least 60 mmHg, which corresponds to S,O, val- 
ues greater than 90%. At partial pressures of oxygen 
below 60 mmHg, there is a rapid fall in haemoglobin 
saturation. It is therefore often better to aim for a P,O; 
in the range of 70-80 mmHg to provide a margin of 
safety should the lung disease worsen. Ideally, the 
patient should receive the minimum inspired oxygen 
concentration required to maintain an adequate P,O, 
or S,O,, to avoid the risks of oxygen toxicity caused 
by prolonged high inspired oxygen concentrations. If 
blood gas analysis or pulse oximetry is not available, 


the inspired concentration is titrated to the clinical re- 
sponse. In emergency patients, initially 100% oxygen 
should be given, then the concentration should be 
gradually reduced to the lowest level at which the 
animal breathes comfortably. Oxygen concentrations 
of >50% for more than 12 hours or >60% for 18 hours 
have been suggested to cause oxygen toxicity. Ide- 
ally, an inspired oxygen concentration of 40% is rec- 
ommended for long-term therapy. Maintaining an 
adequate P,O, is essential for life, so in animals with 
severe pulmonary parenchymal disease the guidelines 
for oxygen therapy may have to be exceeded in spite 
of the risk of oxygen toxicity. 

Nebulization and coupage are used to facilitate the 
mobilization of respiratory secretions, usually in ani- 
mals with pneumonia. Nebulization consists of the pro- 
duction of tiny droplets (ideally 3-7 ul) of water or saline, 
usually by an ultrasonic or oxygen-driven nebulizer 
(Figure 26.9). The mist of water droplets is infused into 
a closed cage every 4—6 hours and is inhaled to shower 
out in the small airways, moistening respiratory tract 
secretions and facilitating their movement out of the 
chest by the mucociliary escalator. Concurrently, the 
chest is patted firmly (coupaged) to stimulate cough- 
ing, which further assists airway clearance. In some 
circumstances, nebulization can be used to administer 
antibiotics or other respiratory medications. 


| 26.9 | Nebulization consists of the generation of tiny 
droplets of water or saline, which are inhaled 
and then deposited in the airways, moistening airway 
secretions. Since the saline or water remains in the 
liquid phase, nebulization differs from humidification, 
which is the saturation of inspired gases with water 
vapour (gas phase). 


Monitoring and nursing care of the 
neurological system 


Since critical illness is often associated with signifi- 
cant muscle weakness and central nervous system 
(CNS) depression, nursing evaluation of the CNS of- 
ten amounts to assessing whether the abnormalities 
of mental status and gait are appropriate for the other 
problems identified in the major body system assess- 
ment. Abnormalities of mental status include dullness/ 
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depression, stupor and coma, hyperexcitability, hys- 
teria and seizures. Depressed mentation is often 
associated with abnormalities of other body systems, 
such as hypoperfusion, renal failure and liver failure. 
When the degree of depression is greater than ex- 
pected from the other disease processes present, this 
should raise the suspicion of primary CNS disease or 
CNS complications due to metabolic disorders, such 
as hepatic encephalopathy. In any patient with ab- 
normal mental status the blood glucose concentra- 
tion should be checked immediately; hypoglycaemia 
is a possible underlying cause that is easily and 
rapidly reversible, but which can cause irreversible 
neurological damage if left untreated. Seizures are a 
common emergency problem and can occur due to 
intracranial or extracranial causes. The body tempera- 
ture of an animal presenting with seizures should be 
measured immediately, as hyperthermia due to mus- 
cle activity can occasionally be life threatening. 

Precautionary measures are often instituted in ani- 
mals with presumed brain disease or head trauma, to 
treat and avoid increases in intracranial pressure. El- 
evation of the head to an angle of approximately 30 
degrees can be used to facilitate venous return and 
reduce intracranial pressure. It is important to place 
the entire animal on a board, rather than to try and 
elevate the head alone. Care should be taken to avoid 
occluding the jugular veins and jugular venepuncture 
should be avoided. Procedures that may result in 
coughing should also be avoided, as coughing can 
result in large increases in intracranial pressure. Neu- 
rological parameters monitored in the patient with neu- 
rological disease include the pupillary light response 
and pupil sizes, the palpebral or blink reflex, the men- 
ace reflex, the presence or absence of strabismus, 
and the general mental status. It should be noted that 
patients with head trauma or brain disease may lose 
their gag reflex and the ability to protect their airway. 
Animals that cannot protect their airway should be in- 
tubated and the cuff of the endotracheal tube should 
be inflated to prevent aspiration. 

Spinal cord injury or disease is the other main cat- 
egory of neurological injury. There is only a limited 
number of underlying causes of acute onset paresis or 
paralysis of the hindlimbs or all four limbs (see Chap- 
ter 9). Intervertebral disc prolapse is by far the most 
common cause in emergency practice. Other causes 
include spinal fractures and luxations, tumours, fibro- 
cartilaginous emboli and discospondylitis. In addition 
to causing paralysis of the limbs, cervical spinal cord 
injury can also impair the function of the phrenic and 
intercostal nerves, leading to inadequate ventilation; 
these patients may require mechanical ventilation. Ar- 
terial blood gas analysis and/or end-tidal capnography 
(see Chapter 7) allow the veterinary surgeon to moni- 
tor the partial pressure of carbon dioxide to determine 
whether artificial ventilation is needed. When spinal cord 
injury is present, progressive loss of neurological func- 
tion is manifested as ataxia and loss of proprioception, 
followed by loss of voluntary motor activity, then exten- 
sor tone and, lastly, deep pain sensation. Deterioration 
in the patient's ambulatory status should be brought to 
the attention of a veterinary surgeon, as emergency 
surgical intervention may be necessary. 
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Monitoring and nursing care of the 
urinary system 


Urine output is used as one of the most important in- 
dicators of renal function in the dynamic critically ill 
patient; however, clinicopathological tests such as 
blood urea nitrogen, creatinine and potassium con- 
centration should also be monitored. In addition to 
intrinsic renal disease, urine output can fall due to 
prerenal or postrenal causes. The fall in urine output 
that accompanies prerenal problems (e.g. dehydra- 
tion or hypoperfusion) is physiologically appropriate, 
as the body attempts to retain water and sodium. It 
should be associated with concentrated urine (high 
specific gravity) if renal function is normal. Postrenal 
azotaemia and subsequent decreases in urine output 
may occur with blockage of the urethra due to calculi 
or rupture of the bladder, urethra or ureter resulting in 
uroperitoneum. With urethral obstruction a large pain- 
ful bladder can often be palpated and the patient may 
strain to urinate. Monitoring urine output is especially 
important in patients at risk for acute renal failure or 
in animals that have sustained abdominal or pelvic 
trauma which can be associated with rupture of the 
bladder or urethra. Indwelling urinary catheters with a 
sterile closed collection system may be placed to al- 
low accurate measurement of urine output and some- 
times to prevent urine scalding in the recumbent 
patient. Indiscriminate use should, however, be 
avoided as they are a potential route for bacterial in- 
fection and can also result in urethral trauma. If a cath- 
eter is necessary, it should be placed using sterile 
equipment and aseptic technique (see Chapter 8). In 
a female, hair should be clipped around the perineum 
followed by a full surgical scrub. The urinary catheter 
can be placed blind, by palpation of the urethral ori- 
fice with a sterile gloved finger, or the urethral meatus 
can be visualized using a speculum. In the male, an 
assistant should extrude the penis and the catheter 
should be placed without allowing the catheter to come 
into contact with the prepuce. 

If acute changes are anticipated, urine output 
should be measured every 2—4 hours. Normal urine 
output is 0.5-2 ml/kg/h; however, the appropriate 
urine output in a critically ill animal can vary widely 
depending on the rate of fluid therapy being admin- 
istered. If a reduction in urine output is detected, the 
bladder should be palpated and the catheter should 
be flushed with warm saline to ensure that there is 
no mechanical obstruction due to catheter kinking, 
blood clots or calculi. To avoid potential bacterial con- 
tamination, a system that allows the urine collection 
bag to be emptied without disconnecting the inflow 
line is preferred (Figure 26.10). In systems that 
necessitate disconnection of the tubing, care should 
be taken to prevent the ends coming into contact 
with foreign material. The collection bag should be 
kept below the patient to facilitate urine drainage, 
but ideally not on the floor. Any changes in the 
appearance or odour of the urine should be noted. If 
a urinary catheter is not placed, manual palpation of 
the bladder, noting its size, and/or weighing absorb- 
ent cage material before and after urination, are 
approximate methods of assessing urine production. 
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| 26.10 | This urinary collection system includes an 
anti-reflux chamber which prevents urine from 


flowing backwards from the collection bag to the bladder 
even if the collection bag is full. 


Pain detection and analgesia in the 
critical patient 


Pain recognition 

Assessment of pain can be difficult in critically ill ani- 
mals, as many of them have abnormal mental status 
due to their underlying disease processes. Indicators 
of pain can be quite subtle and many animals do not 
exhibit obvious signs such as vocalization. It is espe- 
cially difficult to recognize pain in cats, in which a 
crouched posture can sometimes be the only sign. In 
dogs, pain may be manifest as restlessness, reluc- 
tance to lie down, hypersalivation, hypertension, 
hyperthermia, inappetence, tachypnoea or tachycar- 
dia. Some stoical dogs may show only a worried 
facial expression, tremble or grimace with their lips 
drawn back. Dogs with severe abdominal pain may 
resent abdominal palpation, be reluctant to lie down, 
or assume the ‘prayer position’ by standing with their 
front legs extended and chest down, back arched and 
abdomen splinted. 


Analgesia 

Analgesic medications should be given as soon as 
possible, in adequate doses, because many analge- 
sics are more effective when given before pain is 
severe. Furthermore, analgesics can sometimes 
effectively prevent pain but do not completely elimin- 
ate it once it has begun. 

Many analgesic medications (see Chapter 22) used 
in critically ill animals can also result in sedation and 
dysphoria. This can complicate subsequent clinical 
evaluations and the interpretation of pain status in that 
animal. Analgesic drugs may also have deleterious 
effects on the cardiovascular, respiratory, renal and 
neurological systems and the side effects of analgesic 
medication must be weighed against humanitarian 
concerns for pain relief. Furthermore, sedation, which 


occurs with some pain medications, can mask serious 
deterioration in the status of the animal. Changes in 
behaviour, mental status or respiratory pattern are some 
of the earliest signs of problems in a critically ill patient 
and they can be extremely difficult to interpret follow- 
ing sedation. Consequently, the major body systems 
must be closely monitored following administration of 
pain medication and sedation. 


Nursing care of the recumbent 
patient 


The comfort and welfare of the critically ill animal 
should be paramount in the mind of all critical care 
personnel. Veterinary critical care entails supporting 
very sick animals and it is incumbent upon all veteri- 
nary surgeons and nurses to ensure that the level of 
discomfort is kept to a minimum. The level of discom- 
fort that is considered acceptable must be assessed 
on an individual basis. Factors such as the likelihood 
of survival, the anticipated duration of survival and 
the expected quality of life following successful treat- 
ment may all impact on this assessment. The critical 
care nurse plays a vital role in the care of the critically 
ill patient, most of which are recumbent for at least 
some period during hospitalization. The care of the 
animal that cannot move around or clean itself is an 
important part of critical care nursing (Figure 26.11). 


gD Patients that are recumbent for prolonged 
periods are at risk for pulmonary atelectasis, 
aspiration pneumonia, decubital ulcers and urine 
scalding. Important nursing strategies for these animals 
include frequent turning from side to side, physical 
therapy and limb massage to ensure good blood flow, 
and careful frequent cleaning of all excreta. 


Respiratory care 

The most important short-term effect of prolonged 
recumbency is impairment of respiratory function and 
subsequent hypoxia due to atelectasis, aspiration 
pneumonia and/or ventilation—perfusion mismatching. 
Atelectasis, or collapse of lung lobes, occurs when a 
patient lies in lateral recumbency for an extended 
period of time. Atelectasis tends to be most common 
in large-breed dogs. Frequent turning of the patient 
(every 4 hours) or maintaining the patient in a sternal 
position will avoid atelectasis and promote appropri- 
ate alveolar ventilation and perfusion. Aspiration pneu- 
monia is a relatively common complication in the 
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recumbent patient, especially if the animal is vomit- 
ing or regurgitating frequently. Regurgitation and as- 
piration can occasionally occur with no immediate 
clinical signs associated with the regurgitation episode, 
but later development of pneumonia; this is termed a 
silent aspiration episode. 


Decubital ulcers 

Recumbent patients are at risk of developing decu- 
bital ulceration. Although uncommon, decubital ulcers 
can occur if the patient is recumbent for a prolonged 
period of time (several days). Large, heavy dogs, or 
those with thin skin and minimal soft tissue coverage 
of their bones (e.g. Greyhounds), seem to be particu- 
larly at risk. Persistent localized pressure on the same 
area of the body impairs circulation, which eventually 
results in necrosis. Decubital ulcers extend through 
the skin and underlying subcutaneous tissue and even 
through muscle to bone in severe cases. They occur 
most commonly over the greater trochanter, ischial 
tuberosity and lateral aspect of the elbow. Healing of 
decubital ulcers is extremely slow and difficult, so pre- 
vention is far superior to cure. Frequent turning of the 
patient and provision of soft, clean bedding are the 
best ways to avoid decubital ulcers. 


Hygiene 

Close attention should be paid to the hygiene of 
recumbent patients. Bedding should be kept clean 
and dry and all faeces and urine should be removed 
promptly. Failure to keep the patient clean can re- 
sult in urine scalding and perineal dermatitis, and 
can contaminate urinary and intravenous catheters. 
Fluid lines that become soiled with urine or faeces 
should be replaced. Clipping the hair from the peri- 
neal area and the use of topical medications can help 
to prevent perineal dermatitis. Urinary catheteriza- 
tion or manually expressing the bladder may be in- 
dicated for some patients. 


Physical therapy 

Many recumbent patients require physical therapy 
to maintain joint mobility; however, this should be 
kept to a minimum in the unstable critically ill patient. 
In patients with moderate to severe peripheral 
oedema, the legs should be warm compressed and 
gently massaged every 4—6 hours to improve circu- 
lation. If the patient is ambulatory, short walks may 
be appropriate. 


Nursing care of intravenous 
catheters 


Intravenous catheters are essential in the care of the 
critically ill patient to administer intravenous medica- 
tion and fluid therapy (see Chapter 2). In addition, 
central venous catheters can be used to monitor cen- 
tral venous pressure, while arterial catheters are used 
directly to measure arterial blood pressure. Venous 
and arterial catheters can also be used for blood sam- 
pling, thus avoiding the risks and discomfort of serial 
vessel puncture. This is especially beneficial when 
frequent blood sampling is anticipated, such as might 
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be needed for blood glucose monitoring in a diabetic 
animal. When obtaining blood samples from an in- 
dwelling arterial or venous catheter, the catheter port 
should be cleaned with alcohol, the catheter should 
be flushed and, using a syringe containing 0.5—1 ml 
heparinized saline to prevent clotting, an adequate 
pre-sample (2-6 ml of blood) is withdrawn. This avoids 
dilution of the test sample with flush solution remain- 
ing in the catheter. The test sample is then obtained 
and the pre-sample can be injected back into the ani- 
mal via a venous catheter. 

Intravenous access may be established via a peri- 
pheral vein, such as the cephalic or saphenous, or 
via a central vein, such as the jugular or medial femo- 
ral. Central venous access can also be established 
by placing a long catheter into the cephalic or saphe- 
nous vein. In very small patients, such as neonates, 
a needle inserted into the medullary cavity of a bone 
(usually the femur) can be used to administer fluids 
and medications (see Chapter 2). When placing cath- 
eters, all hair should be clipped from the site, which 
should be scrubbed using standard aseptic technique 
(Figure 26.12). Following placement, the catheter 
should be securely taped or sutured in place and 
covered by a wrap to keep the site clean and dry. 


| 26.12 | Careful catheter site preparation is one of the 
most important factors in preventing infections 
and thrombophlebitis. In this patient, the skin over the 
jugular vein has been clipped, and the area is being 
scrubbed for placement of a central venous catheter. 


Catheter patency is maintained by flushing with 
heparinized saline (1 unit heparin per ml of 0.9% NaCl) 
every 6 hours. The catheter site should be evaluated 
frequently for any swelling, reddening or pain sugges- 
tive of phlebitis, and if the wrapping becomes dirty or 
wet it should be replaced immediately (Figure 26.13). 
If signs of local inflammation are seen or the animal 
develops an otherwise unexplained fever, the cath- 
eter should be removed. 

Although routine removal and replacement of 
intravenous catheters every 72 hours has been advo- 
cated, studies have shown that removal of other- 
wise functional catheters in the absence of clinical 
signs of thrombophlebitis is probably unnecessary 
(Matthews et al., 1996). Vascular access may become 
a limiting factor for care of critically ill dogs and cats, 
particularly those of small body size, or those that are 
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| 26.13 | Intravenous catheter insertion sites must be 
examined daily for evidence of discharge, 
inflammation and discomfort. In this patient, the catheter 
insertion site was reddened and the vessel was hardened 
on palpation. The catheter was immediately removed. 


hospitalized repeatedly or for prolonged periods of 
time. Clinical experience has confirmed that it is best 
to maintain catheters in place for the longest possible 
time, as long as they are patent, uninfected and not 
associated with thrombophlebitis. Peripheral catheters 
usually require changing more often than central 
venous Catheters. 

The size of the catheter selected will depend upon 
the size of the patient and the anticipated rate of 
fluid infusion. Flow through a catheter is proportional 
to the fourth power of the radius, i.e. halving the 
radius of the catheter will reduce the flow by 16 
times. If rapid fluid administration is required in ani- 
mals with systemic hypoperfusion or if blood prod- 
ucts are to be given, the largest bore catheter 
possible should be used (e.g. an 18 gauge catheter 
or greater should be used in any dog over 20 kg). It 
is also best to place a second intravenous catheter 
in dogs heavier than 20 kg that require rapid intra- 
vascular volume expansion. This ensures that an 
adequate rate of fluids can be given and provides a 
backup if one catheter comes out or does not flow 
well. Blood products should ideally be administered 
through a separate catheter both because of their 
higher viscosity and because of the potential for in- 
teractions with other drugs or fluids especially those 
containing calcium. 

The dorsal pedal artery is the most common site 
used for arterial access. In all but the smallest ani- 
mals, a 22 gauge catheter is placed percutaneously 
into the artery. Paradoxically, placement of a dorsal 
pedal arterial catheter is often associated with fewer 
bleeding complications in high-risk animals than re- 
peated arterial puncture using a needle. Arterial cath- 
eters are used to measure direct blood pressures and 
to obtain blood samples to measure arterial blood 
gases. Fluid therapy and medications should never 
be administered via an arterial line. There is a poten- 
tial for rapid exsanguination if an arterial catheter be- 
comes disconnected, so patients with these catheters 
must be kept under close supervision. 


Patients with special nursing 
requirements 


Chest tubes 

Patients with chest tubes should be kept under close 
observation, because if the tube dislodges there is a 
risk that the patient may develop a pneumothorax and 
become acutely dyspnoeic. The tube should be se- 
cured by sutures and a chest bandage (Figure 26.14); 
an Elizabethan collar may also be required to reduce 
the risk of patient interference. Care must be taken 
not to bandage the chest too tightly as this may com- 
promise ventilation. The chest tube bandage should 
be changed daily or sooner if it slips or becomes soiled. 
The chest tube insertion site should be examined daily 
for evidence of infection or inflammation. 


a 


y 


gD Chest tubes should be bandaged to prevent 
premature removal caused by the tube 
becoming caught in cage bars or on bedding. An 
Elizabethan collar is indicated if the patient attempts to 
remove its own chest tube. 


The chest tube should generally be aspirated gen- 
tly every 4—6 hours until negative pressure is achieved. 
The quantities of air and fluid obtained should be re- 
corded. The characteristics of the fluid should be noted 
in the record and the clinician should be notified if the 
appearance of the fluid changes dramatically. Occa- 
sionally, depending on the patient's disease, the chest 
tube may need to be aspirated more or less frequently 
or a specific volume of fluid/air may be removed. 

If a patient with a chest tube becomes tachy- 
pnoeic or dyspnoeic sooner than the allotted time for 
the next drainage, the tube should be aspirated im- 
mediately. Following aspiration of the chest tube, if 
negative pressure has been obtained but the patient's 
respiratory rate and effort are unchanged, the chest 
tube should be examined for kinks and the chest 
should be auscultated to determine if breath sounds 
are decreased. Additionally, other possible causes 
for changes in respiratory rate and effort should be 
considered. These may include worsening pain or 
progression of pulmonary parenchymal disease. 
Thoracic radiographs may be needed to confirm that 
the chest tube is still correctly in place and draining 
any fluid that is present, and to document possible 
progression of lung disease. If aspiration of the chest 
tube fails to yield negative pressure, the system 
should be examined for possible leaks. If a leak is 
not located, the clinician should be notified and con- 
tinuous suction drainage may be necessary. 
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Tracheostomy tubes 

Patients (especially cats) with tracheostomy tubes must 
be kept under close observation as there is the poten- 
tial for the tube to become obstructed or dislodged at 
any time (Figure 26.15). Tracheostomy tubes should 
be evaluated every 2—4 hours, or more frequently if 
indicated, to confirm that there is unobstructed air 
movement. If the tracheostomy tube contains an inner 
cannula, the inner cannula should be removed asep- 
tically and cleaned every 2-4 hours or as indicated 
to prevent occlusion of the airway with mucous plugs 
or airway secretions. Tracheostomy care trays are 
commercially available. 


| 26.15 | Cat with a tracheostomy tube placed to relieve 
airway obstruction caused by a laryngeal 
mass. The tracheostomy tube must be examined 
regularly for evidence of obstruction. 


A sterile tracheostomy tube must be readily avail- 
able in the event that the tracheostomy tube needs to 
be replaced on an emergency basis. The ability to 
provide flow-by oxygen supplementation should 
always be available and where possible patients 
should receive a period of preoxygenation (5-10 min- 
utes of flow-by oxygen supplementation) before the 
tracheostomy tube is manipulated. Suction of the air- 
way may need to be performed periodically with a 
suction catheter to remove secretions. However, this 
may contribute to tracheal mucosal injury and suction 
should only be carried out when there is a clinical in- 
dication of airway obstruction. Aseptic technique must 
be used during replacement of tubes or inner cannu- 
las and during suction. 

The area around the tracheostomy site should be 
kept clean and dry. Continuous or intermittent 
nebulization of saline or water should be performed 
to maintain airway humidification. Recumbent patients 
must be positioned in such a way that air flow through 
the tracheostomy site is unobstructed. 


Wounds and wound management 

Wounds should be examined several times daily for 
any evidence of infection, such as swelling or dis- 
charge. The wound and surrounding area should be 
kept clean and dry. 
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If drains are being used, the volume and charac- 
teristics of any fluid draining from a wound must be 
monitored and recorded in the record. The clinician 
should be notified if the appearance or quantity of the 
fluid from a drain changes dramatically. If a vacuum 
drain is used, a loose wrap should be placed over the 
insertion site and the drain should be attached to the 
animal to prevent unintentional drain removal. 


Patients on mechanical ventilation 

Basic and advanced nursing orders apply to any 
patient on a ventilator (see Figures 26.1 and 26.2). 
The degree of sedation/anaesthesia should be ad- 
justed according to the clinician’s orders. Some ven- 
tilator settings require that the patient is lightly 
sedated but still capable of generating a spontane- 
ous breath. In other cases, it may be necessary for 
the patient to be more deeply anaesthetized with the 
ventilator initiating each breath at a set rate. In the 
lightly sedated patient, the depth of chest excursions, 
respiratory effort and temperature are closely moni- 
tored to determine if the patient is tolerating mechani- 
cal ventilation. 

The patient's airway must be closely monitored. 
The endotracheal or tracheostomy tube may become 
totally or partially obstructed and may require suc- 
tion or replacement. Suction of the airway and re- 
placement of endotracheal tubes must be done 
aseptically. Sterile replacement endotracheal tubes 
should be readily available in case the endotracheal 
tube needs urgent replacement. A smaller size tube 
should be available in the event of inflammation and 
oedema of the airway. The cuff of the endotracheal 
tube should be deflated and the position of the tube 
changed every 4—6 hours to prevent pressure necro- 
sis of the trachea. 


The patient's chest should be auscultated 
frequently to monitor for a partially obstructed airway 
or pleural space complications, such as pneumothor- 
ax or pleural effusion. The patient's mouth should be 
cleaned gently every 4 hours with a dilute antiseptic 
solution. Suction of the oropharyngeal region may be 
required to remove mucus, using a Yankauer suction 
catheter. The tongue should be kept moist if possible. 
Artificial tears should be placed in both eyes every 
4-8 hours as these patients do not blink normally and 
development of corneal ulceration is a concern. Ven- 
tilator tubing should be replaced every 24 hours. 
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Bradydysrhythmias complications 13 
in CPCR 304 cut-down technique 13-14 
diagnosis 72 intraosseous 14-15 
and shock 73-5 intravenous 8-14 
treatment 72, 76-7 of neonates 239 
Bradykinin 25 peripheral veins 11-12 
Brain disorders for peritoneal dialysis 122 
Clinical signs 131-2 urethral 117-19, 127 


Catheters 
displacement 13 
maintenance 12-13, 379-80 
placement 9-12, 380 
types 9-10, 16 
Cats 
acid—base parameters 53 
anaesthesia induction 316 
analgesia, CRI dose 326 
asthma 94 
bandaging 264 
blood coagulation, normal values 202 
as blood donors 215-16, 221-2 
blood types/typing 217-18 
cardiovascular drugs 62 
chest compression 299 
chest drainage 100 
clinical assessment of perfusion 34 
conjunctivitis 157 
corneal laceration 155 
corneal ulcers 152 
dog bite injury 357 
dyspnoeic posture 374 
encephalitis 138 
energy requirements 329 
fentanyl patch dose 322 
fractures 259, 265 
glaucoma 147 
Heinz bodies 198 
hepatic lipidosis 168 
hyphaema 157 
hypokalaemic myopathy 145-6 
infectious enteritis 167 
lidocaine dose/toxicity 80 
linear foreign bodies 183 
metaldehyde lethal dose 285 
mucous membrane colour 374 
paracetamol toxic dose 286 
pyrethrin/pyrethroid poisoning 284 
urethral catheterization 118-19, 127 
ventricular dysrhythmia 80 
viral peritonitis 186 
viral upper respiratory tract disease 112-13 
Caudal cervical spondylomyelopathy 143 
Cefalexin 269, 270 
Cefalotin 349 
Cefazolin 124, 187, 347, 348, 349 
Cefepime 348, 350 
Cefotaxime 347, 348, 349 
Cefotetan 348 
Cefovecin 350 
Cefoxitin 347, 348 
Ceftazidime 348, 349 
Ceftiofur 349-50 
Ceftriaxone 347, 348, 349 
Cefuroxime 348 
Central venous pressure (CVP) 
in cardiovascular emergencies 59 
measurement 43 
Cephalosporins 349-50 
(see also specific drugs) 
Cerebral blood flow 
in ischaemia 306 
measurement 300 
Cerebral ischaemia 305-7 
Cerebral perfusion pressure (CPP) 135 
Cerebrospinal fluid (CSF) collection 138, 139 
Cerebrovascular accidents 134 
Charcoal (activated) 281, 282, 285, 291, 292 
Chemical burns 253 
Chemotherapy drugs, toxicity 286 
Chest 
compression 299 
drains 
nursing care 381 
placement 100-1 
Chlamydophila 354 
Chloramphenicol 152, 341, 345, 348, 353 
Chlorate poisoning, antidote 280 
Chlorhexidine 269, 270 
Chloride 50 
Chlorpheniramine 226 
Chlorpromazine 170, 171 
as antidote 290 
Chocolate, toxicity 291 
Cholecalciferol poisoning 283-4 
antidote 280 


Cholelithiasis 185, 186 
Chronic bronchitis in dogs 94 
Chronic respiratory acidosis 55 
Chronic respiratory alkalosis 55 
Chyloabdomen 170 
Chylothorax 101-2 
Ciclosporin 152, 197, 205, 273 
Cimetidine 170 
Ciprofloxacin 153, 157, 351 
resistance 351 
Circulation, assessment 310 
Clindamycin 143, 341, 347, 348, 353 
resistance 341 
Clodronate, for hypercalcaemia 51 
Cloprostenol 229 
Clostridium 
difficile 171, 341, 352 
perfringens 166, 341 
tetani 144 
Cloxacillin 142 
Clumber Spaniel, mitochondrial myopathy 146 
Coaxed feeding 331 
Cocaine drugs, poisoning 290 
Colitis, acute 167 
Collapse 
causes 58 
clinical approach 67 
in neurological disease 144-6 
Colloid osmotic pressure (COP) 31 
Colloids 
artificial 37-40 
natural 40-1 
(see also specific products) 
Colonic perforation 185 
Colostrum 239 
Coma 133, 134 
Compartment syndrome 267-8 
Compensation (acid-base) 53, 55 
Complement 25 
Complete blood count 5 
in anaemia 193 
Computed tomography (CT) 370 
Conjunctival flaps 154-5 
Conjunctivitis 157-8 
Constant rate infusion (CRI) 
of analgesics 325-6 
of antibacterials 340 
Contact dermatitis 274-5 
Contrast radiography 
gastrointestinal tract 176-7, 364 
oesophagus 363-4 
spine 366-7 
urinary tract 121, 365-6 
Contusion 253, 254 
Copper poisoning, antidote 280 
Corneal lacerations 155-6 
Corneal perforation 154 
Corneal ulcers 
clinical signs 151 
conjunctival flaps 154-5 
corneal perforation 154 
deep 153 
descemetocele 153-4 
foreign body 155 
indolent 152-3 
iris prolapse 154 
monitoring 151 
superficial 152 
Corticosteroids 
for septic shock 28 
for upper airway obstruction 89 
Coughing 92 
causes 57 
Coupage 377 
Crackles 86 
Cranial nerve function 
in neurological disease 131-3 
testing 130 
Craniotomy 136 
Crenosoma vulpis 113 
Crushing injuries 253 
Cryoprecipitate 222 
infusion 205 
preparation 224 
Cryptococcus 138 
neoformans 141 
Cryptosporidium 172 
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Crystalloids cardiovascular drugs 62 
composition 35 chest compression 299 
hypertonic 36-7 chronic bronchitis 94 
hypotonic 37 conjunctivitis 157 
isotonic 36 cystocentesis 119 
(see also specific products) encephalitis 138 

Cushing's disease see Hyperadrenocorticism fentanyl patch dose 322 

Cyanide poisoning, antidote 280 fractures 259, 267 

Cyanobacterial toxins 292-3 gastric perforation 176 

Cyanosis 85, 86, 374 glaucoma 147 
causes 57 hyphaema 157 

Cyclophosphamide 197 infectious tracheobronchitis 112 

Cyproheptadine 331, 332 metaldehyde lethal dose 285 

Cystocentesis 179, 126 pancreatitis 176 

Cystography 121, 366 paracetamol toxic dose 286 

Cytokines 25 parvoviral enteritis 166-7 

Cytauxzoon felis 216 pyothorax 101 


small intestinal obstruction 176 
theobromine lethal dose 291 


Dachshund, juvenile cellulitis 269 epide oaker bamar ees t 1 a 
D-dimers 203, 210 
Decubital ulcers 379 Vogt-Koyanagi-Harada syndrome 151 
Deferoxamine mesylate, as antidote 280 ig antai gy sg 75 Dia 
fibrillati aita hiasan n d 
DENDAN = > Doppler ultrasonic blood pressure measurement 22 
fluid therapy 42 Dorsal pedal artery catheterization 15 
hypertonic saline 37 Dorsal pedal pulse 374 
j j Doxapram 237 
es ileal aa Doxycycline 196, 205, 341, 345, 347, 348, 354 
i Drainage 
andersoni 144 h 100-101 
— wounds 256-7 
Sermat Dressings 255, 257-9 
contact 274-5 D 6 
pyotraumatic 270 POR 506-6 
paumon phere cutaneous reactions 271-2 
pressin acetate 205 (see also specific drugs) 
Devon Rex, blood type 218 Ovennna Pec: g. 
Dexamethasone 92, 140, 145, 196, 205, 226, 246, 271 y iaka 57 
Dexmedetomidine 313 clinical approach 60 
ar t i definition 85 
effects on blood coagulation 39 diagnosis 85-6 
effects on renal function 40 infectious disease 112-13 
effects on TS 40 


intubation 106-7 

lower airway disease 92-5 

parasitic disease 113 

patient assessment 374-5 

pleural space disease 98-103 
positive pressure ventilation 107-9 
pulmonary function testing 103-6 
pulmonary parenchymal disease 95-8 
smoke inhalation 111-12 


Dextrose 62, 140, 244 
Diabetes mellitus 247-8 

paresis 143 
Diabetic ketoacidosis 241-3 
Diagnostic plan 6 
Dialysis, peritoneal 122, 125 
Diaphragmatic hernia/rupture 111, 357 
Diaphyseal fractures 265 


Diarrhoea, acute 165-6 stabilization 86-8 
x Aerona! paano 160 trauma 109-11 

iastolic dysfunction i 
Diazepam 89, 136, 138, 285, 307, 311, 312, 316, 331, 352 Da T ne Spgs 
Diazoxide 140, 144, 244 causes 71 
Dieffenbachia, toxicity 290 diagnosis 71-3 
Digitalis glycosides 77 in GDV 180-1 
Digoxin toxicity 79 and shock 73-5 
1,25-Dihydroxycholecalciferol 50 treatment 72, 73, 76-81 
Diltiazem 62, 75, 79, 124, 301, 303, 307 (see also specific dysrhythmias) 
Dimercaprol, as antidote 280 Dystocia 232-4 


Diphenhydramine 226, 271, 284, 285 
Diphenoxylate 171 


Discospondylitis 142 Ear disease 141 
Disseminated intravascular coagulation (DIC) 207-8 Eccentrocytes 198 
_ in shock 26 Echocardiography 69 
Distemper 138 Ectopic tachycardias, causes 58 
Distributive shock 17, 18 Edrophonium 145 
Diuretics, in heart failure 64 EDTA 140 
(see also specific drugs) (see also Calcium—EDTA) 
Dobermann Ehmer sling 262, 264 
adverse effects of potentiated sulphonamides 353 Ehrlichia 138, 215, 216 
caudal cervical spondylomyelopathy 143 canis 199, 204, 205 
myxoedema crisis 140 Elbow luxation 263 
Dobutamine 62, 63, 68, 75, 76, 301, 302 Electrical defibrillation 305 
Dogs Electrocardiography/ECGs 58, 74, 75, 76, 78, 80, 81, 245-6, 
acid—base parameters 53 303-4, 374, 375 
anaesthesia induction 316 Electrolytes 
analgesia, CRI dose 326 balance 46-52 
avulsion 261 monitoring 5 
bandaging 264 (see also specific ions) 
blood coagulation, normal values 202 Emboli, fibrocartilaginous 142 
as blood donors 215, 220-1 Embolism 
blood types/typing 216-17 air 13 
caffeine lethal dose 291 catheter 13 


Emergency database 

blood glucose 4-5 

blood smear 5 

blood urea nitrogen 5 

packed cell volume 4 

total solids 4 
Emergency plan 5-7 
Emergency room equipment 7, 297 
Emetics 281 
Encephalitis 134, 138-9 
Encephalopathy 

hepatic 140, 167-8 

metabolic 139-40 

renal 140 
Endoscopy, diagnosing GI emergencies 162 
Endotracheal wash 93 
End-tidal capnography 105-6 
Enemas in hepatic encephalopathy 140 
Energy deficit in shock 23-4 
Energy requirements 329 
Enrofloxacin 124, 257, 347, 348, 351, 352 

resistance 351 
Enterobacter 344, 347, 350 
Enterococcus 347 

faecalis 345 

faecium 340 

antibiotic resistance 345, 351 

Enterostomy tubes 331, 335 
Enterotomy, catheter technique 183 
Epidural analgesia 324-5 
Epilepsy 137 
Episodic weakness 144-6 
Ergometrine 234 
Erythema multiforme 272-3 
Erythrocytes 

abnormalities 193, 195, 196, 197,198 

parasites 198-9 
Erythromycin 152, 157, 170, 352 
Eschar removal 277 


Escherichia coli 116, 124, 229, 235, 236, 257, 339, 341, 344, 


347, 349, 350, 351, 354 
Esmolol 62, 79 
Ethanol, as antidote 280, 287 
Ethylene glycol poisoning 286-7 
antidote 280 
Etomidate 311, 314 
Excretory urography 121 
Exertional rhabdomyolysis 145 
Exploratory laparotomy 177 
Exsanguination see Haemorrhage 
External skeletal fixation 255, 261 
Extension sets 11, 12 
Extracellular fluid, homeostasis 30-2 
Extremities, temperature in shock 19 


Fading puppies and kittens 238 
Famotidine 170 

Feeding tubes see Nutritional support 
Feline calicivirus 112 

Feline herpesvirus 112 

Feline immunodeficiency virus 138, 216 
Feline infectious enteritis (FIE) 167 


Feline infectious peritonitis (FIP) 101, 138, 141 


Feline leukaemia virus 142, 216 
Fenbendazole 113, 170, 172 
Fentanyl 316, 321-2, 326 
Fertilizer, toxicity rating 287 
Fetuses, retained 234-5 
Fibrin split products (FSPs) 203 
Fibrinolysis 200, 209 

tests 201, 203 
Fibrocartilaginous emboli 142 
Filaroides hirthi 113 
Finasteride 237 
Fireworks, toxicity rating 287 
Flail chest 111 
Flea-bite hypersensitivity 270 
Fludrocortisone 246, 247 
Fluid homeostasis 30-2 
Fluid loss, pathophysiology 32-3 
Fluid therapy 6, 30-45 

acute 41-2 

in acute colitis 167 

in acute pancreatitis 168 

in acute renal failure 123-4 

in anaesthesia 317 


with analgesics 325-6 
after blood donation in cats 222 
in cerebral ischaemia 306 
chronic 42 
in CPCR 300 
in diabetic ketoacidosis 242 
in enteritis 166 
fluid types 
artificial colloids 37—40 
crystalloids 35-7 
natural colloids 40-1 
in gastrointestinal emergencies 172, 175 
in GDV 179 
in heart failure 68 
in hepatic lipidosis 168 
in hyperparathyroidism 249 
in hypoadrenocorticism 246 
maintenance requirements 115 
monitoring 42-4, 128 
neonatal 238-9 
patient assessment 33-5 
plan 33, 44-5 
in shock 27 
in sodium imbalance 47 
in urethral obstruction 126 
Flumazenil 140, 301 
Fluoroquinolones 351-2 
(see also specific drugs) 
Flurbiprofen 152 
Fomepizole, as antidote 280, 287 
Foreign bodies 
aspirated 91 
corneal 156 
gastric 181 
in lower airways 95 
oesophageal 177-9 
penetrating 253 
small intestinal 181 
linear 182-3 
Fractures 
articular 264-5 
compartment syndrome 267-8 
cranial 370 
diaphyseal 265 
evaluation 260 
humerus 259 
iliac 259, 265 
radius/ulna 255 
rib 110,111 
spinal 265-6 
Stabilization 261 
bandaging 261-2 
and thoracic injuries 251 
Free water deficit 47-8 


Fresh frozen plasma (FFP) 222, 223, 224, 225 


Fresh whole blood 223 
Fuller's earth 285 


Furosemide 51, 62, 63, 64, 66, 70, 124, 136, 139, 249, 284, 


301, 307 
Fusidic acid 152 


Gabapentin 324 

Gait, in neurological disease 131-3 

Galerina, poisoning 291 

Gall bladder surgery 185-6 

Gastric dilatation—volvulus (GDV) 179-81 

Gastric evacuation 281 

Gastric foreign bodies 181 

Gastric intramucosal pH 27 

Gastric lavage 281 

Gastric neoplasia 162 

Gastric perforation 176 

Gastric ulcer 162, 165, 181 

Gastric volvulus 184 

Gastroenteritis, haemorrhagic 166 

Gastrointestinal decontamination 281-2 

Gastrointestinal emergencies 

diagnostic approach 

abdominocentesis 162-3 
clinical pathology 161, 175 
clinical signs 160 
differential diagnosis 160 
endoscopy 162 
exploratory laparotomy 177 
history 159, 174 
imaging 161-2, 175-7, 181 


Gastrointestinal emergencies 
diagnostic approach continued 
paracentesis 177 
peritoneal lavage 163-4 
physical examination 159-60, 174 
Stabilization 175 
postoperative care 190 
treatment 
drugs 171-3 
surgery 177-90 
(see also specific conditions) 
Gastrointestinal tract 
contrast radiography 176-7, 364 
radiographic abnormalities 360—1 
ultrasonography 370 
Gastropexy 180 
Gastrostomy tubes 331, 332-5 
Gelatins 38 
Gentamicin 152, 153, 154, 155, 257, 347, 348, 350, 351 
German Shepherd Dog, pyotraumatic dermatitis 270 
Giardia 165, 172, 175 
Glaucoma 147-9 
Glucagon 244 
Glucocorticoids, for hypercalcaemia 51 
Glucose 
in emergency database 4-5 
intravenous fluids 35 
Glues, toxicity rating 287 
Glyceryl trinitrate 62, 63 
Glycopyrrolate 62, 76, 301 
Golden Retreiver 
juvenile cellulitis 269 
laryngeal paralysis 90 
pyotraumatic dermatitis 270 
Gordon Setter, juvenile cellulitis 269 
Granulomatous meningoencephalitis 138, 141, 143 
Granulomatous urethritis 127 
Grapes, toxicity 114, 291 
Great Dane, caudal cervical spondylomyelopathy 143 
Greyhound, exertional rhabdomyolysis 145 
Gunshot injuries 253 


Haemangiosarcoma, spleen 369 
Haematomas 

upper airway 92 

urethral 128 
Haemoabdomen 169 
Haemobartonella 

canis 198 

felis see Mycoplasma haemofelis 
Haemodialysis, for poisoning 282 
Haemolytic anaemia 

causes 194 

congenital 199 

immune-mediated (IMHA) 196-7 

microangiopathic 199 

oxidative injury 198 

parasitic 198-9 

versus haemorrhagic 195 

zinc toxicity 197 
Haemopertusion, for poisoning 282 
Haemoperitoneum 189-90 
Haemorrhage 

abdominal 27, 190 

in adrenal neoplasia 248 

brainstem 134 

catheter problems 13 

postparturient 234 

shock 18 

uncontrolled, and fluid therapy 37 
Haemorrhagic anaemia 

causes 194 

treatment 195 

versus haemolytic 195 
Haemorrhagic gastroenteritis 166 
Haemostasis 200 

disorders 201, 203-7 

tests 201-3 

for wounds 253-4 
Haemothorax 102, 111 
Haloperidol, as antidote 290 
Halothane as bronchodilator 94 
Hartmann’'s solution, composition 35 
Head 

radiography 362 

tilt 140, 141 


trauma 135-6 
nursing care 377 
wounds 252 
Heart 
afterload 21 
block 303 
contractility 21 
failure 
ancillary therapy 66 
cardiac tamponade 68-70 
cardiogenic shock 67 
clinical approach 60, 61 
drug treatment 62, 63, 64-6 
low output 67-8 
oxygen supplementation 63 
pericardiocentesis 70 
pleural effusion 66-7 
severe pulmonary oedema 62-6 
murmur, causes 57 
output 21 
preload 21 
radiographic abnormalities 359 
rate 21 
in hypovolaemia 34 
monitoring 374 
in shock 19 
rhythms, ECG 303 
stroke volume 21 
(see also Cardiac) 
Heat stroke 140 
Heinz bodies 198 
Heparin 208, 210-12, 213 
Hepatic dysfunction, effects on antibacterial therapy 346 
Hepatic encephalopathy 140, 167-8 
Hepatic lipidosis in cats 168 
Herbal remedies, toxicity 286 
Herbicide poisoning 285 
Hernia 
diaphragmatic 111 
perineal 128 
Hetastarch 38 
Himalayan cat, blood type 218 
Hip luxation 263 
History-taking, seizures 137 
Hobbles 262, 264 
Hot spots see Pyotraumatic dermatitis 
Household products, toxicity 287-9 
Human serum albumin 40 
Humerus, fracture 259 
Husky, canine uveodermatological syndrome 275 
Hydralazine 62, 63, 65-6, 82 
Hydration deficit 123 
Hydration status, clinical assessment 35 
Hydrocodone 92 
Hydrogen peroxide, as emetic 281 
Hydropulsion 127 
Hydroxyethyl starches 38 
effects on blood coagulation 39 
effects on TS 40 
pruritus 40 
Hygiene 345, 379 
Hyperadrenocorticism 247-8 
Hypercalcaemia 50-1 
cholecaliferol poisoning 284 
encephalopathy 139 
Hypercapnia 85 
Hypercarbia 104 
Hyperchloraemia 50 
Hypercoagulation 208, 209 
Hyperfibrinogenaemia 210 
Hyperglycaemia 
encephalopathy 139 
in pregnancy 231 
Hyperkalaemia 48-9 
bradycardia 246-7 
episodic weakness 145 
Hypernatraemia 46-7 
encephalopathy 139 
Hyperosmolality 37 
encephalopathy 139 
Hyperparathyroidism 248-9 
Hypersensitivity reactions 
after blood transfusion 226 
after colloids 40 
contact dermatitis 274-5 
to drugs 271-2 
to flea bites 270 
urticaria 270-1 


Hypertension 

diagnosis 81-2 

in hyperadrenocorticism 248 

treatment 82 
Hyperthyroidism 140 

episodic weakness 145 
Hypertonic fluid loss 32, 33 
Hypertonic saline 36-7 
Hyperventilation 53, 135-6 
Hyphaema 156-7 
Hypoadrenocorticism 245-7 

ECG 74 

episodic weakness 145 

mental status 140 

paresis 143 
Hypocalcaemia 51-2 

after blood transfusion 226 

encephalopathy 139 

postparturient 235 

in pregnancy 230-1 
Hypochloraemia 50 
Hypoglycaemia 

differential diagnosis 243 

encephalopathy 139 

in pregnancy 231 
Hypokalaemia 42, 43, 49-50 

myopathy, episodic weakness 145 
Hyponatraemia 46-7 

encephalopathy 139 
Hypoparathyroidism 249 
Hypoperfusion 30 

fluid therapy 41 

lactate 34 
Hypoproteinaemia, fluid therapy 39 
Hypotension 

in shock 21 

treatment 22 
Hypothermia 318 

use in CPCR 307 
Hypothyroidism 140 
Hypotonic crystalloids 35, 37 
Hypotonic fluid loss 32, 33 
Hypoventilation 53 
Hypovolaemia 30 

clinical parameters 34 

in heart failure 68 
Hypovolaemic shock 17-18 

fluid therapy 36 
Hypoxaemia 85, 103 
Hypoxia 

in chronic bronchitis 92 

and ischaemia 140 


Ibuprofen toxicity 285 
Idiopathic labyrinthitis 141 
llial fracture 259, 265 
Illicit drugs, posoning 290 
Imipenem 340, 350 
Imipenem-—cilastatin 347, 348 
Imipramine 145 
Immune-mediated haemolytic anaemia 196-7 
Immune-mediated thrombocytopenia 195, 205 
Immunoglobulin therapy 197, 205, 274 
Indolent ulcers, corneal 152-3 
Infection, catheter contamination 13 
Infectious tracheobronchitis 112 
Inflammatory mediators, in shock 24-5 
directed therapy 28-9 
Injection caps 13 
Insecticide poisoning 284-5 
antidotes 280 
Insulin 
for diabetic ketoacidosis 243 
for hyperglycaemia 140 
for hyperkalaemia 49, 62, 186, 246 
-secreting tumours 144 
Insulinoma 243-4 
Interferon 25 
Interstitial fluid 31 
Intervertebral disc disease 141-2 
Intestine 
anastomosis 182, 185 
‘gravel’ 367 
incarceration 181 
strangulation 182 
Intoxication see Poisoning 


Intracellular fluid 31 
Intracranial pressure (ICP) 135 
Intraocular pressure (IOP) 148 
Intraosseous catheterization 14-15 
Intravascular fluid 31 
Intravascular volume 31, 33 
Intussusception 

ileocolic 364 

large intestine 185 

small intestine 183 
Ipecacuanha, as emetic 281 
Iris prolapse 154 
Iron toxicity, antidote 280 
Irreversible shock 20 
Ischaemia 

cerebral 305-7 

and hypoxia 140 
Ischaemic injury 262-3 
Isoflurane 136, 317 
lsoprenaline 62, 76 
Isotonic crystalloids 36 
Ivermectin 113 
Ixodes 

cornuatus 144 

hirsti 144 

holocyclus 144 

pacificus 144 

scapularis 144 


Jugular vein, catheterization 8, 10-11, 14 
Junctional bradycardia 303 

Junctional tachycardia 79 

Juvenile cellulitis 269 


Keeshond, hyperparathyroidism 248 
Kennel cough 112 
Keratectomy 152 
Ketamine 314 
anaesthesia 311, 316 
analgesia/sedation 311, 323, 326 
Ketoacidosis, diabetic 241-3 
Kidney 
radiographic abnormalities 361 
ultrasonography 369 
(see also Renal) 
Kittens 
fading 238 
(see also Neonates) 
Klebsiella 112, 344, 347, 349, 350, 354 
pneumoniae 124 


Labrador Retriever, laryngeal paralysis 90 
Labyrinthitis, idiopathic 141 
Laceration 253 
Lactate concentration in hypoperfusion 34 
Lactated Ringer's solution, composition 35 
Lactic acidosis 24 
Lactulose 140, 167, 170 
Laparotomy, exploratory 177 
Large intestine 
caecocolic volvulus 185 
intussusception 185 
perforation 185 
Laryngeal paralysis 90-1 
Latanoprost 149 
Lavage 
gastric 281 
of wounds 254 
Lead poisoning 140, 293 
antidote 280 
Left atrial rupture 70 
Leishmania 215 
Lens luxation 156 
Leptospirosis 123, 125 
Leucocytosis 5 
Leucopenia 5 
Leucotrienes 25 
Lidocaine 
analgesia 323 
CRI 326 
epidural 324 
antitussive effect 136 
incats 80 
for cerebral ischaemia 307 
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Lidocaine continued Minimum inhibitory concentration (MIC) 342 
for dysrhythmias 62, 75, 79, 181, 291, 301, 302, 304-5 Misoprostol 165, 171 
toxicity 79 Mitochondrial myopathy, episodic weakness 146 
Life support see Resuscitation, Ventilators Mitotane 248 
Lilies, toxicity 290 Monitors 
Linear foreign bodies in small intestine 182-3 acid—base status 5 
Liver electrolytes 5 
lobe torsion 184, 190 Morphine 
radiographic abnormalities 361 analgesia 301, 321 
ultrasonography 369 CRI 326 
(see also Hepatic) , epidural 324 
Loperamide 171 in heart failure 66 
Lower airway disease 92-5 sedation 62, 63, 89 
(see also specific conditions) Mouth-to-nose ventilation 298 
Lower urinary tract obstruction 125-8 MRSA (methicillin-resistant Staphylococcus aureus) 344-5 
Lung Mucosal protectants 172-3 
function testing 376 (see also specific drugs) 
arterial blood gas analysis 103-5 Mucous membranes 
capnography 105-6 colour 
pulse oximetry 105 in dyspnoea 85-6 
lobe torsion 102 in hypovolaemia 34 
radiographic abnormalities 358-9 monitoring 374 
(see also Pulmonary) normal 33 
Lungworms 113 in shock 19 
Luxation moistness, in shock 19 
joints 259, 263 Multi-lumen catheters 11 
lens 156 Multiple drug resistance 343-5 


Multiple organ dysfunction syndrome (MODS) 24, 25-6 
Muscle disease, clinical signs 133 


Macroadenoma 248 Musculoskeletal trauma 
Macrolides 352-3 compartment syndrome 267-8 

(see also specific drugs) fractures 260-2, 264-6 
Magnesium 52 ischaemic injury 262-3 
Magnesium chloride 52, 301 luxations 263 _ 

i Mushrooms, poisoning 291-2 

Magnesium sulphate 52 $ ; s 

as cathartic 281 Myasthenia gravis, acquired 144-5 


Magnetic resonance imaging (MRI) 370 op anoa j i wa 
Malamute, canine uveodermatological syndrome 275 pes Bees i" 
Mannitol 124, 136, 148, 156, 301, 307 hasnolele & 196, 216 
Mastitis, septic 235-6 M areal cages Ay ‘ 
Matches, toxicity rating 287 ycotoxins: 
; Myelography 367 

Mean arterial pressure (MAP) 21 
Medetomidine 

anaesthesia/sedation 311, 313, 316 


analgesia 323 NaCl see Saline solutions 


Naloxone 
CRI 326 i 
Megaoesophagus 145 MEPER 301 
Megestrol acetate 331 Nandrolone 331 


Melting ulcers, corneal 153 N ici 
£ aproxen, toxicity 285 
Meloxicam 322-3 Narcolepsy 145 


Menace response 130 š 
Meningitis, steroid-responsive 143 aa ond aa or aaa 


Mental status 130 Natriuretic peptide 60 


abnormal 138-40 izati 

in neurological disease 131-3 — sila 

in shock 19 splint 266 
Meperidine see Pethidine wounds 252 
Mercury poisoning, antidote 280 Neomycin 140, 167, 257 
Meropenem 348, 350 Neomycin—polymixin-dexamethasone 157 
Mesenteric volvulus 184 Neonates 
Metabolic acidosis 23-4, 27, 53, 54, 55, 56, 117 artificial nutrition 239 
Metabolic alkalosis 53, 54, 55 catheterization 239 
Metabolic encephalopathies 139-40 fading puppies and kittens 238 
Metaldehyde poisoning 285 fluid therapy 238 
Metatarsal pulse, in hypovolaemia 34 nursing care 237 
Methadone 89 resuscitation 237 
Methicillin-resistant Staphylococcus aureus (MRSA) 344-5 Neoplasia 
Methicillin-resistant Staphylococcus intermedius (MRSI) 345 adrenal 248 
Methicillin-resistant Staphylococcus schleiferi (MRSS) 345 brainstem 134 
Methimazole 140 gastric 162 
Methocarbamol 285 insulin-secreting tumours 144 
Methylene blue, as antidote 280 intracranial 139 
Methylprednisolone sodium succinate (MPSS) 142, 266 lower airway 95 
Methylxanthines, posoning 291 pituitary 248 
Metoclopramide 125, 168, 170, 171 pulmonary 98 
Metoprolol 291 small intestinal 181 
Metritis 234 spinal cord 142 
Metronidazole 140, 166, 167, 170, 171, 187, 341, 347, 348, 352 upper airway 92 

toxicity 141 Neoplastic effusions 103 
Mexiletine 62 Neoplastic haemoperitoneum 189 
Microangiopathic anaemia 199 Neorickettsia 215, 216 
Microcystins 292 Neospora 138, 141, 142 
Micronutrient requirements 330 Neostigmine 145 
Microtubing 15 Nephroliths 120 
Midazolam 307, 311, 312, 316 Nerve blockade 323 
Milbemycin 113 Netilmicin 350 
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Neurogenic pulmonary oedema 97 
Neurological disease, clinical signs 131-3 
(see also specific conditions) 
Neurological examination 130, 135 
Nikolsky's sign 273 
Nitric oxide 25 
Nitrite poisoning, antidote 280 
Nitrofurazone 257 
Nitrous oxide 323 
Nizatidine 170 
Nocardia 347, 354 
Nodularin 292 
Non-steroidal anti-inflammatory drugs (NSAIDs) 
analgesia 322-3 
toxicity 285-6 
(see also specific drugs) 
Nosocomial infections 339-40 
Nursing care 
in artificial ventilation 382 
cardiovascular system 374, 375 
of chest tubes 381 
of intravenous catheters 379-80 
of neonates 237-8 
in neurological disease 377 
orders 6, 372-3 
pain recognition 378 
in poisoning 282 
of recumbent patients 379 
respiratory system 375-7 
of tracheostomy tubes 381 
urinary system 378 
of wounds 381-2 
Nutritional support 
in acute pancreatitis 168-9 
complications 337-8 
diets 329, 330 
energy requirements 329 
enteral 
appetite stimulation 331-2 
coaxed feeding 331 
enterostomy tubes 335 
gastrostomy tubes 332-5 
naso-oesophageal tubes 332 
oesophagostomy tubes 332 
in gastrointestinal emergencies 173 
in hepatic lipidosis 168 
micronutrient requirements 330 
of neonates 239 
parenteral 335-7 
patient assessment/selection 328-9 
patient monitoring 337-8 
protein requirements 328-30 
rationale 327 
Nystagmus 140, 141 


Obstructive shock 17, 18, 69 
Octreotide 244 
Oculovestibular reflex 130 
Oedema 31 

peripheral, causes 58 

pulmonary 96-7, 67 

severe 62-6 

Oesophagitis 162, 164-5 
Oesophagostomy tubes 331, 332 
Oesophagotomy 178 
Oesophagus 

contrast radiography 363-4 

dilation 162 

foreign bodies 177-9 

perforation 179 

radiographic abnormalities 358 
Old English Sheepdog, mitochondrial myopathy 146 
Oliguria 120 
Omeprazole 170, 171 
Ondansetron 170, 171 
Opioids 

analgesia 321-2 

toxicity, antidote 280 

(see also specific drugs) 
Organophosphorus (OP) insecticides, poisoning 284 
Orogastric intubation of neonates 239 
Oscillometric blood pressure measurement 22, 23 
Oslerus osleri 113 
Osmolality 32 
Otitis interna/media 141 


Index 


Over-the-needle catheters 9 
Over-the-wire catheters 10 
Overventilation 307 
Oxacillin 142, 344 
Oxazepam 331 
Oxygen 
arterial 23 
cages 87, 376 
-haemoglobin dissociation curve 86 
humidification 88 
prongs 87 
supplementation 
in acute pulmonary oedema 63 
in CPCR 297 
in dyspnoea 86-8 
nursing care 376-7 
in shock 26-7 
tension 104-5 
toxicity 88 
Oxyglobin 38, 224, 225 
Oxymorphone 89 
Oxytetracycline 170 
Oxytocin 233, 234 


Packed cell volume (PCV) 

in anaemia 193 

in emergency database 4 
Packed red blood cells 219, 222, 223, 225 
Pain 

control see Analgesia 

recognition 320 
Paint remover, toxicity rating 287 
Pamidronate, as antidote 280, 284 
Pancreas, ultrasonography 370 
Pancreatic abscess 185 
Pancreatitis 162, 176 

acute 168-9 

ECG 78 

in hyperadrenocorticism 248 
Paracetamol toxicity 286 

antidote 280 
Paradoxical respiration 85 
Paraquat poisoning 285 
Paraphimosis 236 
Parathyroid hormone (PTH) 50 
Parathyroid nodule 249 
Paralysis 

pelvic limb 141-3 

and tetraparesis 143-4 
Parenteral nutrition 335-7 
Paresis 

peripheral, causes 58 

pelvic limb 141-3 
Partial thromboplastin time (PTT) 202-3 
Pasteurella 257 

multocida 347 
Patient monitoring 

in anaesthesia/sedation 317-18 

in artificial ventilation 109 

in blood transfusion 225 

in CPCR 300, 305 

in fluid therapy 42-4, 128, 242 

nursing orders 372, 373 

in nutritional support 337-8 

parameters 6 

urine output 128-9, 378 
‘Peel-away’ catheters 10 
Pekingese, brachycephalic obstructive airway syndrome 90 
Penetrating wounds 253 
p-Penicillamine 140 

as antidote 280 
Penicillin 257 
Penicillin G 144, 348 
Penitrem A 292 
Pentastarch 38 
Pentobarbital 138, 307 
Pentoxyfilline 273 
Perfusion status, assessment 33-5 
Pericardial effusion 69, 359 
Pericardiocentesis 70 
Perineal hernia 128 
Peripheral nerve disease 142-3 
Peritoneal dialysis 122, 125 
Peritoneal drainage 188 
Peritoneal effusions 169-70 
Peritoneal fluid analysis 164 
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Peritoneal lavage Potassium 
diagnostic 163-4, 177 disorders 48-50 
therapeutic 188 homeostasis 48 
Peritonitis 169-70, 171, 186-9, 360 Potassium bromide 138, 167 
Persian cat, blood type 218 Potassium chloride 49 
Pethidine 89, 316, 321 Potentiated sulphonamides 353-4 
Petroleum-based products, poisoning 290 (see also specific drugs) 
Phaemochromocytoma 249-50 Povidone-iodine 277 
Phalangeal luxation 263 Pralidoxime chloride (2-PAM), as antidote 280, 284 
Phenobarbital 136, 138, 167 Prednisolone 
Phenoxybenzamine 126, 127, 250 as anti-inflammatory 92, 127, 142, 143, 144, 151, 157, 269, 
Philodendron, toxicity 290 270, 271, 275 
Phiebitis 13 ; A as appetite stimulant 331 
Phosphofructokinase deficiency in cholecaliferol poisoning 284 
anaemia 199 in hypoadrenocorticism 246, 247 
episodic weakness 146 as immunosuppressive 196, 205 
Physical therapy 379 for insulinoma 140, 244 
Physostigmine 145 in myasthenia gravis 145 
Pilocarpine 148 Pregnancy 
Pimobendan 62, 68 hyperglycaemia 231 
Piperacillin 349 hypocalcaemia 230-1 
Piperacillin-tazobactam 347, 348 hypoglycaemia 231 
Piroxicam 127 prolonged gestation 231-2 
Placentas, retained 234-5 Preload 21 
Plants, poisonous 290-1 Pressure cuff 254 
Platelet concentrate 222, 223 Procainamide 62, 77. 80 
Platelet count 5, 201-2 Prokinetics 173 ` 
Platelet-activating factor (PAF) 25 Prolapse 
Platelet-rich plasma 222, 223 iris 154 
Pleural effusion 99-100, 103 uterine 235 
in heart failure 66-8 vaginal 230 
Pleural fluid, radiography 357-8 Prolonged gestation 231-2 
Pleural space disease 98-103 Propofol 138, 167, 307, 311-12, 316 
(see also specific conditions) Propranolol 62, 79, 80 
Pneumocystis jaroveci 354 Proptosis 149-50 ` 


Pneumomediastinum 358 3 
Pneumonia 96, 109, 110 oe 2p 
Pneumoperitoneum 360 radi i hi liti 1 
Pneumothorax 109-10, 259, 357 jographic abnormalities 36 
Poinsettia, toxicity 290 ultrasonography 369-70 
Poisoning Prostatitis, acute bacterial 236-7 
antidotes 280 Protein requirements 329-30 
caffeine 291 Proteinuria 125 
chemotherapeutics 286 Proteus 344, 347, 349, 350 
chocolate 291 mirabilis 124, 349, 354 
clinical approach 278-9 Prothrombin time (PT) 203, 211 
cyanobacterial toxins 292-3 Proton pump inhibitors 171 
ethylene glycol 286-7 (see also specific drugs) 
extracorporeal elimination 282 Pseudohyponatraemia 46-7 
gastrointestinal decontamination 281 Pseudomonas 257, 347 


grapes 291 aeruginosa 124, 340, 349, 350 
herbal remedies 286 antibiotic resistance 344, 351, 354 
herbicides 285 Pug, brachycephalic obstructive airway syndrome 90 
household agents 287-9 Pulmonary artery wedge pressure, in cardiovascular 
illicit drugs 290 emergencies 59 
insecticides 284-5 Pulmonary contusions 110 
laboratory testing 282-3 Pulmonary haemorrhage 97 
lead 293 Pulmonary inflammatory disease 98 
mushrooms 291-2 Pulmonary oedema 62-6, 67, 96-7 
mycotoxins 292 Pulmonary parenchymal disease 95-8 
NSAIDs 285-6 Pulmonary thromboembolism 97-8, 247 
paracetamol 286 Pulse oximetry 105, 317, 376 
petroleum-based products 290 Pulseless electrical activity 303, 304 
plants 290-1 Pulses ; 
raisins 291 in hypovolaemia 33-4 
recognition 278 monitoring 374 
rodenticides 283-4 in shock 19 
slug pellets 285 Puncture wounds 253 
supportive care 282 Pupillary light reflex 130 
urinary elimination 282 Puppies 
zinc 293 fading 238 
Polychromasia 195 juvenile cellulitis 269 
Polyethylene glycol 281 paralysis 142-3 
Polymyositis 145 (see also Neonates) 
Polyp, nasopharyngeal 91 Pyometra 228-30, 362 
Positive end expiratory pressure (PEEP) 108 Pyothorax 100-101 
Positive pressure ventilation (PPV) 106, 107-9 Pyotraumatic dermatitis 270 
Postoperative care, after GI surgery 190 Pyrethrin/pyrethroid insecticides, poisoning 284-5 
Postparturient emergencies Pyridostigmine 145 
haemorrhage 234 Pyruvate kinase deficiency anaemia 199 
hypocalcaemia 235 
metritis 234 
retained fetuses/placentas 234-5 Quinidine 77, 80 
septic mastitis 235-6 
uterine prolapse 235 
Posture Radiography 
in dyspnoea 85, 374 in cardiovascular emergencies 59 
in neurological disease 131-3 computed tomography 370 


Radiography continued 
contrast 
gastrointestinal tract 176-7, 364 
oesophagus 363-4 
spine 366-7 
urinary tract 365-6 
in dyspnoea 88 
in gastrointestinal emergencies 161-2, 175-7, 179 
plain 
abdomen 359-62 
head 362 
spine 362-3 
thorax 356-9 
in urinary tract injury 120-1 
Radius/ulna, fracture 255 
Raisins, toxicity 114, 291 
Ranitidine 170 
Rapid slide test 258 
Recumbent patients, nursing care 379 
Regenerative anaemia 195 
Regurgitation 164 
differential diagnosis 160 
Renal abscess 365 
Renal dysfunction, effects on antibacterial therapy 346 
Renal encephalopathy 140 
Renal failure 116 
acute 122-5 
in shock 25 
dextran toxicity 40 
Renal insufficiency 116 
Renal parenchymal injury 120, 121 
Renin—angiotensin—aldosterone system 32 
Reperfusion injury, prevention 28 
Respiratory acidosis 53-4, 55 
Respiratory alkalosis 53-4, 55 
Respiratory distress see Dyspnoea 
Respiratory effort 85 
Resuscitation 
cardiopulmonary—cerebral 
airway 297-8 
brain ischaemia 305-7 
breathing 298 
circulation 298-9 
defibrillation 304-5 
drugs 300-3 
electrocardiography 303-4 
emergency cart supplies 297 
fluid therapy 300 
indications 295 
patent monitoring 300, 305 
process 296 
of neonates 237 
Retained fetuses/placentas 234-5 
Reticulocyte count 194 
Retropharyngeal mass 92 
Rhabdomyolysis, exertional 145 
Rhododendron, toxicity 290 
Rib fractures 110, 111 
Ringer's solution, composition 35 
(see also Lactated Ringer's solution) 
Robert Jones bandage 261-2, 264 
Rodenticide poisoning 206-7, 283 
antidote 280 
Ropivacaine, epidural 324 
Roquefortine 292 
Rottweiler, adverse effects of potentiated sulphonamides 353 


Sacroiliac luxation 259 
Saline agglutination test 194 
Saline solutions 

composition 35 

hypertonic 36 
Salmon calcitonin 51, 284 
Salmonella 175, 341, 346, 349, 353 
Samoyed, canine uveodermatological syndrome 275 
Samples for toxicological analysis 279 
Sanguineous effusions 102-3 
Scapulohumeral luxation 263 
Schiotz tonometer 148 
Schirmer tear test 152 
Scottish Fold cat, blood type 218 
Sedation see Anaesthesia/sedation 
Seizures 136-8, 140 
Seldinger technique 10-11 
Sepsis 24 
Septic mastitis 235-6 


Septic peritonitis 169 
Septic shock 18, 24 
neonatal 239 
treatment 28 
Serosal patching 188 
Serratia 350 
Sevoflurane 317 
Shock 
anaphylactic 18 
cardiogenic 17, 18, 26, 67 
classification 17 
clinical signs 18-20 
distributive 17, 18 
energy deficit 23-4 
fluid therapy 41 
hypotension 21 
hypovolaemic 17-18 
fluid therapy 36 
irreversible 20 
obstructive 17, 18, 69 
septic 18, 24, 28 
and tachycardia 75 
traumatic 17, 18 
treatment 26-9 
Sick sinus syndrome 76 
Silymarin 292 
Sinus arrest 72, 76 
Sinus bradycardia 72, 76-7, 303 
Sinus rhythm 303 
Sinus tachycardia 58, 72, 77-8 
Skin turgor, in shock 19 
Small intestine 
foreign bodies 181 
incarceration 181 
intussusception 183 
mesenteric volvulus 184 
obstruction 176, 181 
strangulation 181 
surgical considerations 182 
trauma 184 
Smoke inhalation 111-12 
Sodium 
disorders 46-8 
fractional excretion 115, 116 
homeostasis 46 
role in ECF homeostasis 32 
Sodium bicarbonate 49, 186, 247 
in CPCR 301, 302 
for hyperkalaemia 62 
urine alkalinization 281, 282 
Sodium chloride 
for hypercalcaemia 139 
for hyperosmolality 140 
Sodium heparin 62 
Sodium nitrite, as antidote 280 
Sodium nitroprusside 63, 65, 82 
Sodium sulphate, as cathartic 281, 293 
Sodium thiosulphate, as antidote 280 
Somali cat, blood type 218 
Sorbitol, as cathartic 281 
Sotalol 77, 80 
Spermatic cord torsion 236 
Spherocytosis 196 
Spinal cord disease 132, 141-2 
nursing care 377 
(see also specific conditions) 
Spica splint 255, 262, 264 
Spine 
fractures 265-6 
radiography 362-3 
contrast studies 366-7 
Spleen 
radiographic abnormalities 361 
torsion 184, 190 
ultrasonography 369 
Splinted bandage 262 
Splints 262, 266 
Springer Spaniel, phosphofructokinase deficiency 146, 199 
St Bernard 
laryngeal paralysis 90 
pyotraumatic dermatitis 270 
Staphylococcus 112, 229, 235, 236, 257, 269, 347, 354 
aureus 124 
methicillin-resistant (MRSA) 344-5 
vancomycin resistance 352 
intermedius 339, 351 
methicillin-resistant (MRSI) 345 
schleiferi, methicillin-resistant (MRSS) 345 
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Starling forces 31 
Status epilepticus 137-8 
Stenotrophomonas 344 
Stevens—Johnson syndrome 272, 273-4 
Stifle luxation 263 
Stored frozen plasma 223 
Strabismus 140, 141 
Streptococcus 112, 124, 229, 235, 236, 257, 347 
Streptokinase 83, 98, 212 
Streptozotocin 244 
Stroke volume 21 
Stupor 133, 134 
Succimer 140 
as antidote 280, 293 
Sucralfate 164, 170, 172 
Sulfasalazine 167, 171 
Sulphonamides, potentiated 353-4 
(see also specific drugs) 
Superinfection 343 
Superoxide dismutase 285 
Support bandage 262 
Supranormal oxygen, in shock 26 
Supraventricular tachycardia 303, 
and shock 75 
treatment 79 
Supravaninicular tachydysrhythmias, treatment 77-9 
urge 
biliary tract 186 
gastric 180 
for haemoperitoneum 189 
intestinal 182, 183, 185, 187-8 
ocular 149-50, 152, 154-5 
oesophageal 178 
pancreatic 185 
splenic 188, 189 
Sussex Spaniel, mitochondrial myopathy 146 
Swann-Ganz catheters 16 
Synchronous DC cardioversion 80-1 


Synchronous intermittent mandatory ventilation (SIMV) 107, 108 


Syncope 58, 145 


Systemic inflammatory response syndrome (SIRS) 24-5 


Systemic vascular resistance (SVR) 21 
Systolic dysfunction 67-8 


Tachycardia 

atrial 78 

ectopic, causes 58 

in hypovolaemia 34 

junctional 79 

sinus 58, 77-8 

supraventricular 75, 78-9 

ventricular 75, 79-80, 303, 304 
Tachydysrhythmias 

diagnosis 72-3 

and shock 75 

treatment 72-3, 77-80 
Tarsorrhaphy 149-50 
Telephone triage 1 
Temporomandibular joint luxation 263 
Tension pneumothorax 259 
Terbutaline 92, 94 
Testicular torsion 236 
Tetanus 144 

antitoxin 144 
Tetracycline 157, 354 
Tetraparesis 143-4 
Tetrastarch 38 
Theobromine, poisoning 291 
Thermal burns 253 
Thiamine deficiency 140, 141 
Thiopental 138, 307 
Thoracic wounds 252 
Thoracocentesis 99 
Thorax 

radiography 88, 356-9 

ultrasonography 88, 367-8 
Thrombin time (PT) 203 
Thrombocytopenia 5, 203, 204-5 
Thromboembolism 13 

aortic 143, 82-3 

causes 209 

Clinical signs 209 

diagnosis 209-10, 247 

pathophysiology 208 

prevention 212-13 

pulmonary 97-8, 247 

treatment 210-12 


Thrombolytics 83, 212 

(see also specific drugs) 
Thrombopathia 203, 205 
Thrombophlebitis 13 
Thrombosis 13 
Thromboxanes 25 
Through-the-needle catheters 9-10 
L-Thyroxine 140 
Tibiotarsal luxation 263 
Ticarcillin 349 
Ticarcillin—clavulanate 347, 348 
Tick paralysis 144 
Timolol maleate 149 
Tissue perfusion 317 

cardiovascular elements 20-3 
Tissue plasminogen activator (t-PA) 83, 98, 212 
Tobramycin 152, 153, 154, 155, 350 
Tonometry 148 
Total solids (TS) 

in anaemia 193 

effects of colloids 40 

in emergency database 4 
Tourniquet 254 
Toxascaris leonina 172 
Toxic epidermal necrolysis (TEN) 272, 273-4 
Toxicology 282-3 

(see also Poisoning) 
Toxocara 

canis 172 

cati 172 
Toxoplasma gondii 138, 141, 142, 216, 353, 354 
T-ports 11, 12 
Tracheal collapse 91 
Tracheal rupture 358 
Tracheostomy 90 

emergency 297 

nursing care 381 
Tramadol 324 
Transforming growth factor (TGF) 25 
Transfusion see Blood, transfusion 
Trans-ilial pinning 266 
Transport of emergency patients 1 
Trans-tracheal wash 93 
Transudates 102 
Trauma 252 

and dyspnoea 109-11 
Traumatic shock 17, 18 
Treatment sheet 373 
Triage 

emergency database 3-5 

initial assessment 2 

of neurological patients 130-1 

primary survey 2-3 

secondary survey 3 

by telephone 1 

vascular access 3 
Trichuris vulpis 165, 172 
Trifluridine 157 
Trilostane 248 
Trimethoprim—sulfadiazine 124, 143, 347, 353, 354 
Trimethoprim—sulfamethoxazole 124, 348, 353 
Tris-EDTA 257 
Tritrichomonas foetus 172 
Tropicamide 151 
Troponins 60 
Trypanosoma cruzi 215 
Tube cystostomy 122, 128 
Tumours see Neoplasia 
Tylosin 167, 170 


Ulcers 
corneal 
Clinical signs 151 
conjunctival flaps 154-5 
corneal perforation 154 
deep 153 
descemetocele 153-4 
foreign body 155 
indolent 152-3 
iris prolapse 154 
monitoring 151 
superficial 152 
decubital 379 
gastric 162, 165, 181 
Ultrasonography 
abdomen 368-70 


Ultrasonography continued 
in dyspnoea 88 
in Gl emergencies 162, 177, 181 
parathyroid nodule 249 
thorax 367-8 
Upper airway disease 89-92, 112 
(see also specific conditions) 
Uraemia 116 
Ureter 
obstruction 120 
trauma 121 
Urethra 
injury 120, 122 
obstruction 126-8 
rupture 366 
Urethritis 127 
Urethrography 121, 366 
Urinalysis 116 
Urinary bladder 
contrast radiography 366 
injury 120, 121 
radiographic abnormalities 361 
rupture 259, 362 
ultrasonography 369 
Urinary tract 
contrast radiography 121, 365-6 
injury 120-2 
obstruction 125-8 
radiographic abnormalities 361 
Urine 
collection systems 121, 378 
colour 116 
leakage 120-2 
output 
fluid therapy monitoring 43-4 
measurement 117 
monitoring 128-9, 378 
in shock 27 
protein:creatinine ratio 115, 116, 125 
sampling 117-19, 341 
sediment 116 
specific gravity 116 
effects of colloids 40 
Uroabdomen 170 
Urography, intravenous 365 
Uroliths 121, 127 
Urticaria 270-1 
Uterus 
prolapse 235 
radiographic abnormalities 361 
ultrasonography 370 
Uveitis, anterior 150-1 


Vaginal hyperplasia and prolapse 230 
Vaginourethrography 366 
Vancomycin 340, 344, 345, 348, 352 
resistance 344, 351 
Vancomycin-resistant Enterococcus faecium (VRE) 351 
Vascular access 3 
arterial 15 
cardiac 16 
intraosseous 14-15 
intravenous 
catheter insertion 11-12, 13-14 
catheter maintenance 12-13 
catheter selection 9-11 


complications 13 
vein selection 8 

pulmonary artery 16 
Vasoactive therapy 27-8 
Vasoconstriction, in shock 20 
Vasodilation, in shock 20 
Vasodilators, in heart failure 64-6 
Vasomotor tone, in shock 19-20 
Vasopressin 301, 302 
Velpeau sling 262, 264 
Ventilators 107 
Ventricular asystole 303, 304 
Ventricular bradycardia 303 
Ventricular fibrillation 303, 304—5 
Ventricular premature depolarizations 

diagnosis 73 

treatment 73, 79 
Ventricular tachycardia 303, 304 

diagnosis 73 

ECG 75, 303 

multifocal 303 

and shock 75 

treatment 73, 79-80 

unifocal 303 
Vertebral body pinning/plating 266 
Vertebral fracture 265 
Vertebral luxation 363 
Vestibular system dysfunction 140-1 
Vidarabine 157 
Vincristine 197, 205 
Vitamin D 249 
Vitamin K1, as antidote 207, 280, 283 
Vogt—Koyanagi—Harada syndrome 151 
Volume overload 

colloids 40 

hypertonic saline 37 
Vomiting, acute 165 

differential diagnosis 160 


Warfarin 
as anticoagulant 62, 98, 213 
poisoning 283, 357 
Water 
loss 32 
manometer 43 
Wheezes 86 
White blood cell count, in emergency database 5 
Whole bowel irrigation 282 
Wobbler syndrome 143 
Wounds 
antibiosis 257 
assessing contamination 256 
closure 256-7 
debridement 256 
dressings 257-9 
haemostasis 253-4 
lavage 254 
nursing care 381-2 
types 252-3 


Xylazine, as emetic 281 


Zinc poisoning 293 
anaemia 197-8 
antidote 280 
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